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1kIl...t.r, ll_r'l. t.-. I'I>.D., Purdue Ulll......d'l.y. J........,.. 1961.
!.~ 2!.~~~ Gunl .!!. CODe"nC.
IMoJor hot....,.: Johll.'. Hc'·''1111lA.
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""'" u...!.D&. MN\r o"...lt.Uo". !>eY'e Ipeclflutlo". ll4lU"I ~reclltllC••
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_p..-t14. or U1t....wrllOh.
III ttl!••t~, PO'" ch&r~.rl.tle., alntralGl7, tcxtwre, _
atnoet re "'"t~ tor ,,!loOn.. ""'" aIlJole. r ..... lit. 11041....
1ll..,1&1 1 d,,_It. tq or .-1"<'001<:01'1" P"t.I'oaTapluo, ~·r.,
4ltf••.,UOIl, _ \.be ...-> pt,,1tle unity ...." .tI1O~1OQ welullq,u...
Mead. of _. tOW', .1Jr. _ I.e" POI' ec<rt. or _~ .... allaa t.- ._
.......- we.. __ ..11.11 ...~U'd "'....lObk ,,~u.._ .........
......w, ""'" UleM bl.ad. "'...e IlHI1 la }- by \- br 16-1A<.b .11' •
• 1rtt.1Dm _r,ot.. be_ .~,le<:_ to lIP to )00 e]'u.a or rr.e.LDc-
---1JIC. A _ ..un of U. _t of <1.__-_ 4ctoorloratloA oJ'
tile ...._ " .. p 1dK lor d..... lIl>U1tl r ..ton e&1eul.W4 t'l'oa tllll












































































































































































































































































































































































































































































































































































































































































































































































































































e"DenW etnllgl.b, PN'f,leul.u1.l' ,'I. urJ.,y 'Cu. rlaol.y 41wl.ded ""Ill or
11&11.11.. 1ll auftielut qu.oUty "Ill alllO reto.rd. hN'd.ell.1llg.
TIlh 1Ot'""Y 4..J.a pr1M.%'ll:t \/1t.ll eben.1 ...." .nu••2 be"..... tile••
aUtuellu of JOllI .... '. 6".....1 ~1J.te•. '!'botn I" aUU ...elI to be
leV'Cled -"1. tl>e pbyalcllJ. proper1.1u or tbe.. tv<> ..terloJ.a _ tbe1r
"treeh Oil tbol dunbl11t:r or oo.......te.
i Cbu\ ~ be d.t~ .... 4".... eryptoeQehJ.l1De _1aell1.1N')'
rock, "..po_ or eluolc.dolQ' (.I"l'OCr'}'.t&ll1De t1broua dUe. ""'" -.lero-
fib-=- ...rpboue ,Ul"a ..r op&l) ...." CfYi'toer)'1't..ul.ue quart. (8). It
_ '" t.o"lll lp!lDt4'1' t.o """"boillal ( ....:1.".... It if~ vb.U.• , 8%''',
Or hl............,-, but...,. be brolfll, black, 6'""11, 1>1..... ,,11>1<, red, or ,.Ucw.
Pll.Jlt Ie • t.<I.. v:L4l1.l' ....- bDtb ••• ')'''''11,)'II tor d>ert ""'" 1.11.1.1
of ebert.. 'f..... (61) ,htee that tl1tlt. if 14a1lt1eal vltb "but"'" .
• au Ul.a1; tl1Mo be d.r<Ip""," trw &_IO&le ..... Altbolllb UIe wno tl1<1t
",_.WI tbe wra ellert, pn.llt-.l." "-rca t"'''n t.bo letter .. t.be
,....,.......sa...Uo.. or u.. _tAlrlaa t.o .."tell botb te.-.. II..-. _ ..
&pplh04 06).
2&baU .-;y be ~f1_ .. • lMl...ted ..,l1..", 1.11. which tba ",,~1-
, .....t ~l"le..... p~~t1.l' of cl"il' al.. (11). SlIwa 1,1. or
llt.ll.1f1tl4 _. _ ~. l:l>at .... t1..ue ""'" br..1t~ pl. puallel
to ~ or141A&l """-1.GlI. A tn>lcal abaloI 1& ao t~.....1DK .. to
appa... b II eo.aa to t.bo1 'meld" "", 1. _1l;t acrat_, _ ~ •
~!Wl (,,;),
,
'till. l1ttUtlU"a ....vl_ <leab "ith tl>e probl.ell ot 4el.et<orloua
....,.t~. 1<1 OOllC"'~ ~...t.e" ..." 1" koep1.J>& vl\ll \.be~ or
\lila .t~. It le up*<=l&ll.r~_ vlt.b u.. probl_ or ebert, _
Kale, U """" toe .......t.e••
".. .....1 lJl 41'1'14M. 1Mo two ~.. !tie tl.. t ot tbe.. 4...1,
.. 11.1> \.be pnlbl_ or detulor.U.... or """"...W d... \0 dlert lf6&nIlIat.a.
11> u.e ..colli! part., atlllll.e, ot 1M ,the,"" or~ -.&nllt.. 011 <:oil'
tid4 .... DOl. 1J>cl_ 111 thh reYl"'; ..eUler it 1& • ""'rlc\ed r-
.. t~t .t~pt.. to atn ....",,1_ ...n~ of _1 b.. ","II .
plabotd. 1_ 111l4l.ea or _r1 _ Nl&h 4 .....bl11tlJr. ta \.be _to
Re.....<:b £!!!!:!: Ilelftl.....h1R _ ..~
h'""t.e.~CO",,"W l)oo\lrlor"1oo
It 11M 10DlI _II ...coc.alo.... Uat "lrhlll In>el of .........t.e.
Ilaft -.till .rrlet. 00 \.be """,,-"toe 1a wbleb Uley .... ...c. It ....
DOl. w>1oU \.be 192(1'., ~r, t.b&1.~ .....ud> _ ~ 1.1> t:oU
~ 1.0 ,,_ut) \.be efflete ot \.be 4otl.et.ertt.aol _ut... _ lob'"
\0~ \.be _UU.. of u.e.. _l.erlaa Uw.t~ be '.,.10:101
lA , ... in.- ......,_. 1NrlJl& UlIo COGftn>eU__ GC 192'.
"_1 (ll,) ..Ueed • peeull... ,,,",.co art.. t co \.be """".... _.
_ • ...-1..- 1D ""n..1A locuIUu 14 1U........ l. l_.-tl.&IUc.
•
.-c u'a' po""!'" of tbe ..,rfaot .......1trlI 1 to 1 1/2 1-:11.. 1"
,ll_tel' ..... e...":1r.111& 100.. r .... tboo poo_ot ..." eou.ld boo prltd. OU\
or -... la\.er <liepl..,ed 117 \ ...rrl0, loIn1DC • bole ..lUI alDpJ..oc .!.de.
rr- 1/2 1adl '\.0 1 1_ 1JI deptll. Atur..-.....l of • l.up "'-'u or
tIM.. ~poo.rt.'. It " .. <I.1.uoftred 1:1:1&'1. u.o pu.. of pa. \ 100M!*!
l'1,,~. e",,\.~ • 1...,. rr_~ or ebert ...-ega,," Itt t:be bon.,. _
u.. .-1AIXr or UIe pl.... or c:beM. ..... len tono1<lC \be bo\~ of I.bo
1Iol' I.G tbe _at. 1\ ..... r<>Well\ u'a' \be to.-c. K1.1.Il& to nJ._
UIIt papout oeeurred Ul .u c_.~ 1.loe eben ~.". ~
...,\1011 ..... r oc:eWTe4 1.11 COlDtCU"" .. Itll pa... at 11_.1.0.... at "bleb
Ulot &""tooe' poort of tbe cow........uo 1.11 Ule po_llt COCl81et.ed,
but aJ......,.. Jut .... or~ • p1ece or eben.
Iho..d U.o c_..,Wd ... ~1tt1&.t1""villa _ u..t \be_
popa,,'" 4..- to froe' IOetl00 0"" UIe pla"•• of c:bert. a. e\lb-
,)I<Ot.ed 1OtAt. t.bt ..... 111&11 til _n <:(Iat4llt to .~ trou1.ll&-
_-~ t "" 1JI u. lllbo...t<Ir)'. tt-.. totrtlo, "1l.1"" ,,_ute of
n" ~1JI. or un 1.<0 treetl-oil _ u..<t.o&....... CIOIOl""'ted 00 both
\lie 100........t.e "" -...t.a b<I_ 1Jl vhlcb tboo _nil''''" ....
l.JoeorporaW4. TboI too,,,,"~ that tbo 100.. clloort ......r1ot.>a1J'
-",..,\e4 b)' &1_\.10 trenl.ll& _ u.e..u.. __.. cll.e1.llt.<loJratA14
~~. '!ba ten be.. __ • 4.r141"'" lou of rtA...u., .m,
iD c_. va", 1.... poor.."t... or c:bert ...... 1l>cl""'..t t~ U. -e'
~_, u.... '-_ on.... 41d..~....W<l to u. po1D.t ~.... u..,. eooa14
....t~ U.1r OWD _1aJIt .
.....1 ....WooI. \tin u.. the ",.do. of l'I'eft~ _ u...~ vbl<:ll
I.- ulOId ill u... "".h ....... _1.d.rlOblT t_r Ut.... e0u.L4 onl.1nu14
,
be ~t.eoI. 1A .... IIftre&...~r __0 111 IIU~I. 11tIeoo n ... .."",110.
of n-d.,. ""'" u..tl.!lc 0","11 prod~ _ ... 41.1IIt.c~...tlOG af _.
~ __ t'1'... \.be cbolrt 05&...._, '- eo""l...:.d u..t abort .1Iou.l.d
be H ..lted 1.0 tbot -u..t pUOOllt"l5. po..lblA 111 "6P'"1&t<o. to be
....." 1:1 tbll prodliCtlOD of concret.c.
III 1928. 8c:boJ.llr (:l2) It.t«! t.ll.... "t'i>lI ..... at ....."""'" "&8rqllt.c
prod""'. __ eo<IC'rew, Ul te......,. ot u.. .ort.v to cl1Alllu.sr.-
1.1_ bel"11 o~ eltPu" .tt."'u 1A pro",,,,U-"I! u.. '"C6"llate.· III
_r to dooW..,,- ""tel> ~I.te. pn>4...,.1. pot.e••u&U.7 _--dunblol
co~tOI, 11* ~..lopod • M'UIa<l tlIat t.e.W4 \be' ....d.~ too tNe1Lac
aDd. U...lll1 or co..,....te QUad.... __ t .... tb4l '"6S.....te. I" q","~l"".
U.iJl& n- l.ll8 lh.. i.Qg t.e"". ot co""...te. 8cboltr ()l) COil·
UDIal. hI" &r<:b otl ..... tou.. ~.I.e. Ulat ven ....pecl.e<l or coo·
tll1A1tos ••~. p>teDt1~ band'ul. to OODl:1"ete. 111 tbI lNIa..
~.w. vllich be toelltel.. bot t_ U>et u.e _t e-. ..." _t
.s..tn>c:U... _loiters.- ..... I.UOe....... eb..~l....bert 18 U ...1
""'" fi1JRt __ret1_ 1.01. 11__•
RUDDer (~9). 1.11 19n..... ODe of tile (lrat 10\lalJ' to Ilppl¥
petn>t!upb,y to 1boo rtlld¥ of <ld.. terl......ub.n I" ,,"",.tAIa. lie
tOW>1 til" It po..lb.lll to 4etu1lu. I.be probablA <luraIJil1tr ot
~_. b)l' _ of IIt",U......1.llI. tblt petrasrapblc -.1Cn;l"""pe. lie
__ 1.ll1.t1 ...,\1 of -.unr&1IW. ple"," _ u...ued~ _ ... \be
aKTOI ... .. IObla W u-.url" \be hanI1'\I.l t7....._ ..
...rtata. ~"'rh. oa \be toa.l.O <d poJ'...l~. ~....... _ -.a.ra1 ........
• 1t~.
to 19,s. L1UlllHr 00) publl.O_ tboo ....u.1~ <d 14....t1C.U....
,
of UoI eN'aet.e of Obi" ....,.W. 1NI """" ... tA <IurebUU)'. Ua.l..a@; u..
l'....nJ..ac _ u."1ll& \..1 4n'elopecl by Scboler (:12) ...." 1M _11m
-.lIaw ....'...... wet, be fOl.m4 UI.tIt ~e. l~w. ~r. _.
UtA, lzoa PJT!te, 1.Un of eben II.." datrw.ntal dr-eta
1NI COOCNt. 1D vtItcb tile)' ,,_. !!~~:!2l~ I.U..
2£~~ <kletArlOlOl'. but <11.4 .,1 __I ...... for 4tff •
t1eUII& tie_a 4.~tcrlo\l. -. ......-4.loot<lrl__._
Al.c> III 19;3, Glb_ (lll) J)"MoWod oI._t. troll lID ."t.elWl...
~rfo~ nlldJ' of co""...W atnlet""'a 111 ""tell ...... ~._ ..
_ V_I r.- 11>00 .....--., natt.. , _ ~ IhOtu. &- r_ u,at.
t.I>o pr-..t..I_l.Y .111,,__ ._. -. If".... te cr tlllt Platte Rlyer _
,,_ ~U...eblA 4t.tn.. _II ..- l-D p"_W 111 ltU-..l. rm_.
_",b.._.
I .. 19'-l, C""lr111 U><l C-.pbeU (9) p\ll>lU"",," tl>e .....au or • "OIl'
" ... too ~"t o:oadlU...........,. tile,. _ c:QIld.....,t.e4 111 IoOlItllCQ'. AD&ll"-
da of th001r data ._~ _rtou. t.U of .......,...te ,.......t<o
t~t tbo ...."" .... part. of ktrt.\lcq V<lt1"lO cl. to u.. ".. OIl cWrt
...._1. abt.a~ tru. t.be ,.._._ &114 C-"1'11O:1l11. Rh..·• 1D tile t-
..... PN"t of u.. He"". ,--..U 1D wid>. U1e.. cb...t. p'...le _ ...
..- on- bee'" to 4U1AtavaU "IUlla ODe )"I.... .rur COD.nruCU .
~ re ....11.. of 11011 ........J 1.e<l Cltm.rlU _ Coapbell to • 1-...'
tor)' .1.UiQ ot u.. .....Wr.> l.eowcq eMr1o•. n.,. t_ u.... _rtoI
\0 .... ut.-!J' pa.-., bl&b1J' ab~I"" -. paoo...-' or • 1.lJor
_clttc &r.ya,. Tile cber10 V_1>I pa""'" o.U t.he It"",,""'" lab<>utoJ'1
t ••t.e to.- ..... t__ .............. Yh1eb ..... _ .,. tllU tt.. 1M...
_ ... : (aJ u.. IDa """"':Wa ,",rut... 'hat, (b) u.o DoYal AUNt... Tat,
7
..." Ie)
cblrt-sr_1 eoDc~te f1oo14 ape<:lM.,. ._ ..-..I.... c<:aparlll>loo to
til.... for apeclMlI. __ r.- 01110 U ... r lP",..1 or c....._ liM,to..
_ ~1Jls 1A _wr•• 4ctlolte .-.1""Uoo 1D n....:r1Ol at.r'ell&tll "N
""t*!. It .... til... cooc1laCe<l. tlw.t t.-11.II& ..." Ul_1D& .... tlle c_
-.l.7da. 11> tbolJ..r p&po..... U>il)' 1t&<::l""'''' •~1_ ..r ..J.ooW<! c..•
-...U bT oc.b... laft.t.1&.\O.... 1Do:lud..." 1D t.l>u ~d__ tlle
tollaot1D& alpJJ'lcard ..-~ tr.:. t.bo Co~ or lI:IllIt-ra' aoet;. hl_
1nftUlclOuoa (6,),
1. ~.u.... _ 00011116 ot cllotr1. bod .tItoluwl¥ 00 arr-ct.
I'llia l.eat .... 1IIJ.U._ to .u~ _ .UIIP"'.lU..... U1U
_ ...1.~ "'popou.u· 1.D. __"1M to beat ar tbl
_ tol.J.c>ooed by '" ~1a& ...1a OT ..1""· •
2. """'. "rota 1~1.lI& _ u.-t.<oa Of P""N1tI__
clloor1. 1.0 .....ut .,..,' .) lallaate UI.at po_" oe......
~~ "",,,.1.tIII of _Wr • ...- br UIIt .....rt. !h!.
~.t. 1a t\lrtMr ftrU'le4 tit • _aa ar tlle
.~loa _1'&011'10 p' lty Of ._ VP"' of c:ber1;
,,1t.1t. ih tloa to tNnl _ UlaI'1lI&. It _ •
......-.1 N1.Ol tbat. '" <:bert; .~ "lUI. _-rL1011
....ate!' u.. , ,... eeat. _ ... _JIll aat lIte .,...nt7
).00_~ ".:10 c. lie ~U'1oooI .. hwod'Ul _1&1••
8
V""rpel ...4 Rexford cola"ted '''1'1.111 of ohert:!' gravel fro. teo
....,.. III the lIOu1.l>em,c:entr&l, "'"'" .utero portiO'" of tbo United
Stau•. TlW.. vere 'Oparlted into tour bulk-.pec1tlc-l\r .... lty groupi
b)' he...-y-lIquI4 flotanon ""1"6 b",.,tol"ll (I""eitl" gravity 2.86)
NId "",,-!>,,-,·be"'u.e (lpec1l'lc ,nvu)' 1,11.6). Tile grOllpe Uled bOld
~"U"le &rav1t.lu or 2.:;0 plU1, 2.lIO to 2.50, 2.,0 to 2.kO, lUl<l 2.~
,\.nUl. KooterlOl.l 1D .."b voup va. M&1:rud .lerolcoplcall,f o.IlIII. IUtoed
~'I"allJr tOr ~ ...rpt1ve "epaclty, reol.ta~ to tron ..,1101>. o.tld
~.I.t*'>C. to I Irc_el... ...u'IU ""Wldoeeo te.t. The relulh or the..,
tAlet. sbovad I detlJ>lte 1Derel.lle 10 ab""rptlon ILIId 4,..,...... 1D IOUDd-
""eo vith lover bull lpeeU'le 6r.... 11)' of the lompl.el. Theoe t",lIdl
...re pr....ot tor ..u g.roupo lOller in bull< .""citle (lrlvlty tb"" 2.:50,
but _re eopee1"4 aoH"uble In the pebble. navl"8 • bulk lpec1flc
VIlY1t.:r of 1... t.h... 2.11.0.
nu. ","ulU C""~ r .......obl,y .. Ith tile ... Iulta of • per~... ·
........une:r of tbe expoeeel """"rete It.ruetureo In the -.re.. trOlil vbleb
the V"vell bed beeo ObtlU>ed. A group ot 100 roughly conical popout.,
eacb hnl.n6 • plece ot dhrupted el>erf; .t tile .pex, V". colleete<l tl'Oll
Np......."UUve .truet.....,.. I" evel')' cue, the "lece ot cIle..t hed aD
abaor"UO<l g.....ter tllaD tour pe.. ceot and • bulk .peel/Ie gravity 1...
til... 2._0.
011 tbe buh ot till. ll1veatlll"Uon, Itue..pel &ll(j Rlxfor<l COli·
elu;lld. tl>Iot till tloUtlOD ..Ulo4 lit .peel/Ie gravIty pa..ltl"" 1. tbe
.o.t p..acUeal _tbOd. or ..parat1Dl! 4 .... al>le t...,. non.-<l able eillru.
ThoIy ...._od t.hot tbfl tloUtlOD telt III ""'" N " HIl<1 teat til"
u.. ..par.U.... or ...Jodty ot t.l>I l>lIO.-<lurab1.e cIlIrt 111 e""erete
..,...._. 111 0III411.I.oD, l:l>e7 _lopa4 • tloUUOII tlll.<l Ir.1t to \>I
,
...-cI to~ \lIh pw'JO•••
h Uaelr d1Ae.... 1.oD at Ule _"",,,,1"1 .t~ '0), "'ue...l _ lIn-
ford., Re"iel _ IIUll. (~,) .....,.l.4erKlJ' eoat.rlb"t.ed. to u.. tnovledp
ot 1M d.....llbllU,. chvocwrl.U of cboort. rbeir .....arcb .... ,,""'-
,,"uetC "" .. 111.......1 _n-rlcb _1 eov..~••u. .UIl .. poor
le...,l~ record. 111 eoDCret41 ~_lIte. Tbh Ir&&reallU, ... produced
tor eooe...u..... n, Mol ........nce bIallr. ape.lJ'te ",••1\)' at 2.:u
_. 111 tIM .1....._t ""adltiOIl, ,.8 poor ....1 MlOO_ Ietun. B)'
• ..,. at .. loKtla1'l.....WU too \.1>001 ....." '0)' 11.....1 llutor4 (l~l,
UIe ..t ....e1A4 lI&&"'_ pw.1.ed. Illw tIl1"eo rr""uOM at dU'f'.,,"t
buli .peclJ'lc a ..avIU.., o_lJ'. I til 2.~, 2.~ to 2.'. __r
2_'. "... Ul.- coaT_ ........w 1\7 tracUo........ U>al 111-
00'l'O"1014<I. 1D ,1/2- '0), ~ 1/2- '0), 16-1J><b l>c__ ""loll, litter .. 28-dlto7
•
e....1.a& pUled, -.- • ..t>J"'t.ed, to co_"u...rd... at rTM.~ 1..
&1.. -. ~1.IllI Ii .,_r. An-r I, ,. " 1, 9. _ 10 "7".... t..boo
~-.1" _ul.... of eluUclt:r ..." the .peCl.oll 1tIn,gt.b _re detAl...lI>OI4
tor ."•.,It at u.. be_.
n. reltlilU of U.... t.e~. _ u..t, for u.e p.,-Uclllu'
..........u.~• ...,eht.ee to tile r .....1.a&-_·_1lI& "7eu
...... ".. ...'0 &reRc.. tor U. """,,",too colltal.D1oll u.. O!lU"&.too trac-
tlOll at IN_teet bulk apot"Ute Ilr....U.l~ for t.bIot _ta1JlJJ:lC
-"'&_ rr""tt_ of~ &""ltl. ~ .....It._~ 1•••U,,_\eIl.
u.-t ....nl of U. t-,......ltl ~u. rnc:tt_ (le.. t_ 2.,0)
__ of oall U. bl.clllt~ frMU", (....... 2.::00) proluc:ed """"At-
u.at ........._1.taat t.bOIIlo _ 1Jlo ft1<:ll u.e~__~_•.,..
..._1 __.
0... 011 tile p-u,,:1pal ",lDt.e b"''''II:t 0\l'l0 b7 1l.-.p1'. _ IIUlI.'
te.t. v.. UI.fot OO""....U __ t .... • NIl tile b~.t V"'1t1 tr..,Uoo
(all p&rtld... VOt'" "Nr 2., _ ............. bu.U .""':IU" _1t1 011
2.~) ot t.b.i.o clioIort·r1cb ,.u hrt!ls • poor "'r'I'1c. COI'd
~ oo...14oIubl.1 un d.taIlO. too t"'~111& -. tb_\.llliI til." tbat
ot • _-clM<rt ........I.e vltb. IJOCld ......1.,. ...""nI..
J. tile ..rl.1 1~'" IIll.1te _ PaytGl. nO), """""...._ • per-
to......,• .........1 ot 1,170 .Un ot co,,~t.e pa_t I" Itaa.o... '!'blI
~ ot tile _)' vu too 1Jn'ut1s.1.e the ...lUl....-blp Nevee.>
""",,,,111 e1_. ot hU...... {-J..a.l.1 II-liM er~1 _ tile 00&rH
","".I.e l""orporUed. I.ll tbe e<IDO",te. '!'be ""..... "QIre,.1.e ""... h1:ecl.
ot ti.... I"DU&1 t)'p..: C.l e""'- U-.toDe, (bl -"t ",.Na,_t... en&abC, Cel ......- tU"t, (4) tUIlt "bU, _ c.) •_
_ ' .....1 (.1ltecI -",.te). f'red<.-1ll&Dt~ poor ""nI.. WI'" -..
b7 ""_I1t.e """"1,.,,..,t.e;! vlt.b Jopll" tUat. I 1 c. ebert
........1). _ u.. 1Il111... _ ~ cn1 u.._._ 'noe JopllA _
S..........tulw __te4.l.J hlled. _ too tlMlr a1Joor&1o&le ""ateate.
A1~ Dl1 .1.....a.lQ&le _1l1J'... _ ... ,1"D tar t.b. Ma.l1Aol _ hila..
Cit111_._., 1t t. qulte pIlN1bJ.. UI.fot tbo hi.l>aN. <1l tile.. _.
, .....t.e. _ .... w04\11O too tile Pr<O""". 01 cl>art ar tUDt .. Wp.>rlU•••
lD 1!11ol. RU,el _ Gau:_ C~~l pubU.~ tile ... ...J.t. at tlle1.
,.rf'a.-. .......,. of _ 1o)O.u... ot """", t.e ... t. la lUuolirl.
!be:1 ..... -1.ll.l;J lau....""- 14 U'_ftr.. "r .Il.1.aI _ b~ 14 tile
_DU. n.,. CODe1""'''' tht _au built vlt.b coa:r S'Ue
prod._ t .... tile ebert ..",.IU ot Ill_I~ too _lop ...
to Mi" ereb ...b~~ ....--.1<0 F' U lMdlt v1th
u
".....- I1Ma"",. _""atoe. ee.;.rua... .- UlAt at t1 re....
of _. _ata bll.1lt ..UII lu...t.ona bad d....loped 10.' tor ""r..
cncta per 1,000 feet or er_ l.at.e.--l <d ~.2 , ..t,
vIlUe ee.pueble dIolrt. ourqat.e 1"' 26.1 "..-. per 1,000
r..t or " cr_ tll"nu or~ 28., tNt. Ttl1a t .....,. perelal.ed. for
u.. ol4u "",,_ah alao. ,l\ 1" 7..... of ace thlI ll..a'-'- pe._lrta
_ ... _r"S. " ..tell. l11WI'Y&1 or 61., feet (1.6., "....,ta per 1,000 t ..t),
....... 1boo cbert _au 11014 c act. at 1.ll,,""1Ol of 26.2
, .., (~.l cro,,,~. por 1,000 , ..t). ",... data all"" tIl••t, Oil tile
_ ....e, ..,..re1At~ ~at. vlUlOut ,)o1llt.e wUt "lUi d>e.rt
.....t.e. 4&-ftl.ope<: 1Jo 1\ ,...... """,r ""1"" .. _ crocb .. O<:CII:I"l'ed
at U. ._ "S- i" ""'p&>-lOble p&~Dte lI"l1t "1tll u...to,.. _ ....
,awl.
CcIop&:rao<> of b~1'" 1" "",,_atl bu.Ut ,,1t.b tllol' two tJ'pItl <JJl
............_ ....... l"a6e of ...... bl"""5' ..... .., ',800 teet tor ""'-
u1Id',,"""" I"',,_nh -..cIa r,..,. cru'- I1M.tolle rea"',atel, _ 0""'
bl.ov\lp tor ....-elY l.~ r..t of poo_t prod"""" t .... CMort _ ..,_UI
(1.1~ per aile ......... ,.01>1_ ;>er alle) .
.l.bo\It U1h U. the deletolrloUl ."".~. 11> 1Ddl_'. atl&T'I,.UI
al... be,... "" be expoMd to ...--....1'0.. ,tuelr. Ill. 19Ii1.O, ......t ()l).
_. 1A l~. _t __.(60J plbl1.- Uoe .....un. or lb>....,...p
1»..ettaeU_ or eben 1» taU_'. ~et... 'rbeJ' ldatU'led
the e!>erf, 1» ••511.. or essree;ete _ .tudlllCl It by ...... or ._leal
_ alel"OeeOPle ....t.J.u. -.lnerela61eal __t»et1cla. eb~l_
w.u. _ r,...~1JI&-_·u...1JI& 4....ebUlt, teet.. tI>e7~."
tile r..,t tbet ill <!>erie ... ""t '-_. _ et~ed to r1A4 •
__ of d1N'.....nht!.D& be_a <I....ebl.. __ -<l....ebl let.l.....
'!be1 ~l4erecl W>lo""" lI&&"C.t-e .. to be tbo_ wbld1 _lot to
.....1et. ""ee.e1....lJr lUll" or pe.-at ~. 1.Jl '1'01 bea .'*>-
jeeUd. to <te.traeU.... ac..""lu. pvtleul&rlJr t .....t!.D& u....1.r:J&:.
but1.cl& _ COQ].1II&, or _tt1ll& <I.,.1.cl&.
tlIe tint .te, 11/. tal...t\dJ tbe colle<:t1oo of ..plot. rn..
'I",,""lu V ott up:>elte. "'I"'OXtae.wlJr tow,-UooIIe..... poUDll.
of cbert cured tn:. tbe .1J: Shte Ila!I"OQ' Dl.trl,,1.& 11/. locll .
_ tn:. " la 1111""1'....atuelQ'.1I1cbl.e; 1I1....Ot.Irl. Obl0 .....
!W _. The IocIl.... 11011&. roek ••,le obt.llW<I tro- 29
'Iuarrl _ llla!1"OQ' cutl. ""'" th4= grnot! ••,1.. fl'OlO )l ,ravel
"'.poe1to 1.ll ell ,...,.. at JocIl_.
It .... <1..,1<101<1 to w.t the ... rf..........,. ..... _""rtl" of 1.1..
'I......,. .-,le. tl t. bec_ t.bo ''''pertle. of the 1ocIh1.<I...-J. 1'1"""
La ..-.:.h .-plot .-lJr W11torw.. ~.. chan....." obU~
fn:. 'I"""'" f..,.. luo\11'101<1 poloclceU1. ,,1'otCOrd. .... aide of
t.bo ""l'OIOco,lc cba:"..,ter of ....,11 .~, 1.llclIl111"1 lor. :w..ter.
t.lfl;an, .........1...... of l'r..,t.ure. lodl ...plot ~_ to ,.,r-
to....,.,.. _ !.d.cUrl"eU"" te.t..
Perf........,.,. .... <I..terw.~ '" ~1D& •..,_...1. 1«1 cl>.en.
",""ble .. 10 ..rtw cllbe. ""'" .\lbJot<'tlAl tbe "ul>ot. to I.1te t& cr"l..
of l'r..~111& ..... thaI.... rI>ot block....." f",...o 10 ...ter tor 21 boW'.
ott..1ouoI 10',., ..... u.. ~r_ 10 ...ter ott. 7"" to SO',. t'or
three II........ 'ftI.l. proceo:I ,...Ud. l1li111 IlO cyd.. II"'" 'bee..
......,_. "1. 1.ote...u. \be eo.m. u.t..t tor "l.e;o" or cracl<tJ,..
00 U. _1.. of u._ te.te, UIe dlute _ ... 4hlJlOl<l 1.1110 No V'O~,
te' UIo_ nIcll "'I~ UlI c ........ ~ to 100 ,..r ~t or UlI 1ta!
1Jl 1... _ Ilo e7"1..; .... (\I)~ nidi ,u.",~ u.o ~. 0 to
50 "1' ceat or UI. t~ 1.11 Ilo C)"OJ... ••
Id_Uf1entce u.t. at u.o '1"""7 el>..-ta .,.,...taUd or \Iul.Ir.
aPfttrle u."ur, ""....-pttOll, da1i;.-. or ..tW"attOCl, 4r- ,...t.r.UOll.
woeoatUlold. r....dQl: _ UI_l"." ebellle-.l &IlA1J'Ha, _ alera.e"pt.
u.1tuIt.l.oJ> or UlltI ..ett...... fl>a; ...t "..rill ruulh _rot tl>oea
r..- u.e .,,",etrl. v ...it., _ ""...rpt.1011 u..w. !be doJrt.a 111 ........P
" (~ WI:llell. dl~ u.. e_. '1 to 100 p*r cQt. or u.. t.~
1Jl la.. UI... Ilo C)'c:la., _ .......1'.. 1llallI .peetrle v-01t.,, ..t .....Ud
.1U'1"_--dr)'. at 2.11.0 _ • _~ of 2.116. no.lr --e. abaorptl<JG
v.. ,.~ ,,",I' ...1It ..." UM alIIa.. ""...rpt.1aG r..r group" elleru v..
'.91 "1' cut.
Saaple. 1.11 P'OIlP B (tl>oe. ebuu vllltll 4hru~ UM elllle. 0 to
50 "1' cent ..r UM t~ 1tI Ilo erel..' .'tV""." 2.:l8 1.11 \l1Llll. .Pfttrle
uant.r, ..tll:"'_ Rrf' ..,.. vlUl • al.u- or 2.lIo8. "\I~UOll
<II ehioru 1tI Ulta P'OUiP .t 1.88 per ...lIt vtUl a _ta. of ,.02
,.r ......t.
no. _ p".rlO.1 perl...-.,. t.at Pf"O<*l.""' _1ore4 011 tlHI
,......., ellert. v.. _ to 4_no.t.t- t.Ile 4ur""111t.r at tile 1......1
cbut.. PI..,.. " .. 1ncb to 1 1_ 1.11 .in ...... ptcloN. .t 1'_" r.-
~. or U 1 ellert. ,.... IlI4t__ ..tl>..- mt... 'l'1le........
___ r..r bour•••to.r.te. _ ~r"" tor 2l -.... tbe7
__~ .. " .. 111. 2-u.:11 -n.r .-.. no.~ _ .......
_~.......... tor _n 4q. _ ....)11I:_ to u. rr-..1alI_--u.-1alI
_lilt. 1'bII 1..-1 e.rt.~~ t.hat ruw 1.11 Ulta ••t. ......
i _ .... ,.... u. ,,_~ _ .....)e(!- to u. roU-l..QI 1aIlU-
f1eM.10tl ....",: color,~, buU .....,1tte p-*rtt, b, U>e not.--
t~ ~_, d;,e ,...t.r,U"", ap,....at ._Ute "''''1\1, ..,10....
tl.l:., -.- err --".,..tlOa., _ aluweople ....qd•. on.._-
fUU• ..,~ ....... i 1{OIl""" U. f tl.llll _ u.-l.IllI ...tIt
at tbo .JIIl. of \0 Or 160 e,.,.L.., bi"OUal f u.. """"1 _ U>e..
~e<I., "'1n& tbo ._ 14entttleatloal U ......... UtI"- vlth tbc
f&llure•.
" _Uteatl00 of tbl flot.Uo....tbod. 4ndoped. ...,. W l -.
.ufoi'd (7~) for 4......1.n1Il& \be buJ.lr. ..,Ule 17... lt)' of 1
,..-tlea. v.. _ IA ..pvat1ac tbl eboIn • .-p1tI. lAW <lU'f llt
tr...t1oali "" u. baal. ot U>elr "'KUte lty. Cone. un.-
elllor14.. , .,..,Ute ~"It)' 1.:18, _ t)'1 UIltI..-I4., .,,"Ule
....rtt)' 2.97..........1%&4 U1SeU>er 1.0 .t 1l'l1l14. vlth ."",ttle
...... It1.. of 2.60, 2.", 2.)0, 2.~" 2.110, 2.", _ 2.,0. " .......1
.pK~" tll.oot 1,,04 _ .. bro_ OIIt of tbo .,n... "IDa. V"" ~r_
1A ......r. "tt.ar It I>-.l. .oau.!. for 2~ _"'1 It v u.rl ....~rl..:l
_ plIoa4 til \be ""...t,tIt 11'lu14 (2.60). If tt lil UlJ.. 1.1qu.t4,
It .... i Ie<!., _ \be .,..,ttt.. ~"1\)' ...........r4"- .. 2.60 pI....
It 1\ ft-tM. Oil t/OI 2.60 llqll14 , It _ .-.__ ploca4 1Jlo tbt
2." Uqll14. !hi...... "p"'.tM. tor .octI p~ ..t11 1\ • ...u: 1Jlo """
01 U. Uq,1l14.. u. pi f~ 1A t/OI l.4lrtA'.t 1lqll14 (2.,o),
tttl ,,..,Ute p'....tt,. 2.:KI~.
ID till ..,. It __.tbltl to .\1.10 • <>OrnIlatl.. ""_ tbo
b..a .,..,lfte tt" ••t ....'"*"- ftrf_~, ot • pi.O" of eboIrt,
_ n.. parf••_ In u. trledla-_-tII_!JlII totItI\. ,. ...tuJ.U
01 \lot••t0u4it1.~ thIIt tM b..a .peeUto "'."1\)',
































































































































































































































































































































































































































































































































































































































































._ "&7 .. blalt epee11!c , ••"U,.
" IWIllA __ for ....... llIi5 \.bot rd.U~ ."'rpl-lwU1 at -e-
,NIl"'...... ..- 1>1 _t _ If"ob. TIle} ..lcctoed pebbl.. IOboIIt
11/:> loello.. I .. 41_wr, penlllll,y ~......" I.l>nI ill. _-per .,..,t
\.bot _n.. Oa \.bot b..u ..r u.... tell., \bI7~ \be follow1ll&












....e tc ..." \.bot pert.........,. or \.bot _lA_ p*_u. 'nI11 ........,.
t_ 1u.lU or ..bleb ""... publhbed. 10 19~ "r Vood. •• SW-t, ""'"
hlb...- (721, Laell.<led .hlll.. of ',JOO .u.. or ,,","_Ilt, Or about
18 ,... _t or ll1.1 tI>4t rlllA p"_ct.t ..,... t.-...:t..l 1a I..sI_ Me_I>
1921 ..." J.9ll). hie cUe..,. _t&1nOOIi • tol&l or m ~.le<'u. vtu.
~1IrU r.- 11~ •• t~ -..:....tc. fro. 1;3 _I. _
\lIh • ......., \0 p ...1'1IJ. uUrrlornt.... ..." \0 "_.

























































































































































































































































































































































































































































































































































































to tboM .._ b1 bolO, WUll., _ lIe,,&d (2) 1.Il 1911}. h 1>1 tile..
....l1er te.te, be lD...tte.""" th••ne<:t. or .Ir ."tr.\t.e.. t .... .,.....
e...W __ r..- two ut _ cbert-rlcl> V ....lJI &04 t .... e""'- 11__
.too "61...,.". unod. b1 .... I.t&n<:<o too 1.ret0'7 r..... l.c4 _
th I.... fth .ute ebOv<lIl. u.t .lltr.1J>o4 .Ir lIlpro_ tb. 4urabUlt,
or oo""...te COllt.1.Il.1"'l Htber _10<:"" Or JOO<l. 1~.~ ~.W"
" ..t e_ .....P'fIr'Rc1abl. Ia..o. lilt l.Ilo tI>e 4....ot>1Ut, of: _""too
oo..tlllI.1"" Cl>lrt'rltb "8oIl...,.tool .
.u... l.Ilo 19", S. Wo.1.Ur (66) """11'- the .......H. or t ....... -tb&or
nllll.1.. or CODe"''' __ ..ltb v ....l.e ••p1.e4 t"-10 CO&I"" ~.te
4.po.1t. tbrol/CbOut tbe U"lt"" at.te.. "r..... l.Jlc-_-tb 1"" "1c1" or
11 boun 1 lr.t 0',. &04 1 !>our. IA ter.t ~', ..". Tile
.n"et or r 1.a& _ u..tl"" ......" br IIIlt1.a& c"-'" 1" tM
<IJ'_le _Ill"" ot d ..Ucttr or "ach .poc~". 'ftl<I ........ COCltla0e4
.... "acb be_ ....tH tM _Ill ... or .1..t1clty .... """'UCH to ot>out )0 p"r
<:*..t ot U ... orlc1.oa1 nJ...., _ the" n ...... tb IA tlaurt .... d.eter'al_.
A.. _ldco.1 d.,....Ultr tector .teWr'al_ tor ._ .po<:1aoeo Oll tM
b..l. or tbe .....ut. ot the t ·tb.. toe.U.... It .... tOlLlll1 \b.t
.....ro.1 tJ,ac10.1 V-...l.e rr- t"'" _14dlJl _.t, _U.IA1cllI y ...1__\.0
or nlte _. c""'rt, _ c••ddlt.-.l>1J l .....r thai _r"&,, 4\lrM1U1t1
tactoro.
I .. 19~1, J .... (8) IA...... te.... tM .tr.<:-t.o ot .1r .lItr.'-"t Oil
..-:Ate ~1a1.IIa 1"'1_ ~.toe.. .. _ Uoe _ tecblalq...
.. .......1..... 1aYe... te.ton ...,.pt tb&\ _ b.t<:.......... _ ""1.aI
......._. n1cb _ .. Y""'_ ..,....._ ..b1.l.o to.- otbllr b.t<:be. tIM




















































































































































































































































































































































































































































































































































































































....Io... l,y ezr..e\ !.be U ...."CUI or Ibot ""'""'"'tot.
Al.., 111 19~7, 80011 (?oj e .....1otd ou\ .......1... Or t ...h 00 .........
"C&rot,.tot r .... "!.&b\ ........,... lit "\I~ '<_~"'b7 .- 111 ocllle.... toI P"'O-
,
H'l\l..14 r1<rt.tlol1 prcee .., .."" pl ...,. .. r ".,11 ..-..p _n ~0t4 111
2_1oeb. ......... .".bot. _ .llb>-ot.a4 to r ~1llC-0'Dd·U>_1.III ..,UOI:>. '"'"'
whe ,lotootd L1I ;*101 _~.'11'" t ... LQeIl or v.tot.. _ r ....._
rll.. 21 110 \ 0·'. to 10·'. n..l "" tbotll. ~""d 111 v ..toot...t
n·', to 80·'. ro.. u..... -.... Thla~"'" v ......,...".." UII.\U
r.u...... or U. ellbot. 0......\U ••1.....11 or ",<Ole u.~.
III tbot ra11...... or • ellbot, thll ue.1 p...,.,. tllol .PIlot or
aw:u vtl!dl \lee_ prOCJ'ot.. l l,y VII ..... vlU1 ..""'" e)'eu or rree~1.II&
011 \1Iot lI l. or u.. ll.1U or u.... u.u, _ ecDel_ u..t

















































































































































































































































































































































































































































































































































eo\lJ.d. N abt.1Md III tbe ..... of Held be.'f)'_l.-lep....nl"" proeeuu.
Tbe:r lUted. thlt ••!>N'IUOO It 2.-.0 opeel!l" Invll)' volll4 laJI,..,....
tbe 4ur.tlillty or poor ",",,",Itcl colll1deubly eJld ."p....ntUl It 2.:10
voul4 ....ull 1.ll ........gne vi"' 1\_ durllll1l1ty.
R. Walker""'" HcLo."811.11.1l (6,) npert.eoted turtlle. vl\.ll eOllb1.De-
Uo... of ladl...... ","RSaWI. 'riley UH<l n.lyY-l1'1.u1d Ilepuet100 to ob-
tala r .... ,rlyer. ......100. ructi"". vitll <l1ft.Ant .1:11&.- "l'I0ltlc
srfIYlt1e•. Tlle:t IbiD. \1.00:<1 tbe.. rraoU""a, alo.. or 111 o..,l...uoo vnll
lOO<l<quality c.....lle<l Ito.., 10 co"", ...W vblcl> va. teet.e<l. tor dW'Kll1ty
l.n tr-tlQ& om:!. U>_I"II_
'!'bIt graveh vbleh ""r<II etl>dt-.l ill 1>.., Illf,ll chert eonte"t•. TMy
ooot..1_ f."" 10 to 70 per eoot cbert. HUlougll tbe _peelt1" &uvlty
....p.....UOD. .-.1 other 1""·,,pee1fl0 unity I.tulele aleo, ...t or
1M _tcrl&l- nllOYed. .... ober<;.
\lalke. ""'" McLaugllllo tout>:l that ~val or tl>e laI<-.pec1flc
gn"lt, tracUolII troa tbe grlvel 86lI""at.ce ....ult-.l III .. .,.,"" ....t.c or
b1Sblr <I.••nbi11tJ til... tblt _e r .... t.be orlgltlal, """,.p..nW<l "68"-
let<!. M.a. e<lIlCNte aode ..1tl> cru.lled. .tolle""6r....1 COIIIb1nAotl0Da,
_ .... U1e sn.el uaed had p:>or .e...lce ....cord•• yea aod• ..on <l....-able
Yltb the bc.vy-U,,,,W ••p t101l. They alao roUllll th.t tile <l.lU"abll1ty
or e<l1lC ....te aod. ylth Sre l "6lINS.te. elOlle COIIIpared. rnoreb4 Y1th
rl.M per1'o-. or the "6lIt'e6.tee. tbua lo<l.lc.tlll& tM Yell<l.lty or
.....ll1t. or tI>e r .....slll&-...,,-tl>..11l& te.t ••• ""latl... 1o<l.1c.tl<>o or
tba <l.ureb111ty or """crete.
to l~, l.esa (26) P\lb11._ ttI.a .....u1ta or lab<>r.tol')' rre.u_
t.Ilw te.t. or tl>& uJor .0\lJ'cea or M1cb18.... Sr...l .rq.te.. 11&
....al...t.ed cow.. ~re;t_~ ",...."Ult,. fo1loor1~ _ rl.&1.4l¥ _t__nH:tm
PfOC.'"I'i .... _rea u.. 116&re&_loJ__re &r_, _ tbe:a .,u.o.d. 1.. alr-
uv_1.-d ...."",rete 1a _ ._·..tur."" ...."""lU",,,. IolrnI o..~t1""':
C291.:i2T, !~"Uth'.. Hotl>od <>f Ten for R..bt <>f eo""..."" Spec~ ...
to hp1d l'reu1~ 111 .l1r o.lIII. Th.. 1.lIg 111 Vat.r, .-:1 fllr tile "".1..
,.U toll.14..re<I to have ""c\llT<ll4 ..1le1l I.lItI l.U... 4ylI_1c
_u.l <>f .lYUc1t,. <>f )- by ~. b,. 16·11•• 1> be_ ha::l. d."reMed. by ,0
por ",,"1.. DI<r..lUt,. facton _ "'" ,00 "7"l.e. of f..-t1.>:rl5 '""'"
U1..l..a6 _re ..- to ""'..,r1be u.. beh... lor <>f Ule 116&'""'&."".'
01:1 UI& b..1. <>f tbe l&bo"'\0r7 rr..u-u..t .twl... Lei& 10_
!.hat. 111 g.,.-re.1, 1.""." gr....h COIlU1111Ql!; c.....1dotr..le percellt"'4>U
or 4.1.. t.er10ul ..""rleJ.e .ucb .. chert, eIIe.1." cle,y lronato"," (lJ..l1I11t.e
cO"" ...U ..... ), o.lIII. .o.lIII.atOlM bid 101/ durability factore. III .pecle.1
n,.l1u utlllt1llg he."Y_I., ..pe.r.tlllll of cbert-ricb V .....h. be fOWld.
ellen. .. lt1l I>l.&l> blllt .pecU'lc V ....1t1 to be far 1... b&nIt'ul til.,
cbtrt 1>&..1"'1 • loor .pecU'lc U&"lt7.
01:1 tbe b..1., or tbor ...._....,1> pre..lo l,y de""rl_. other re_&reb.
_ actual. ••por1.,...,. vlt.b cllert-r1ch V I. 1a ......1.... the ....... rlc...
Society for 'flltn1.llg Mater1al. _ oe ral .t."" 1>1glNe,y 4.. pe.rt.ooeIlU,
inc1\Oi1.llg UIO• ., 111 1ll41..... Mlcbta , Oh10. o.lIII. 1ll1oo1., """ lie ..
"P'I<'U'lc.t1ODl til&t COIltrol the t or <:ben &l..love4 1.. COli ""
",""s.te (~'l. , 1,..,"-<:. tbe I"'U_ 11&hVe,y De~lIt·. 19:i7
.1._"'" .pecU'lc l ("J .tate tl1&t c....... "llP'"S_t.e1 &b&1.1 eoc-
ta111 ., .u__ or ,.0 per ce..t at' <:bert v1U1 _ bW.l< .,pecU'lc U.Y1.ty
( ••tur.ted .urr........,.,. b..l.) or le.. t.b... 2.~~.
'<•
L&Il& (~) .-.e4 • 41nn ...at.1.-.1l1p ~tlo"D ,....,.DUC. Dt ~.
a &r...l _ ...........W -.uN&.W ..." 1.... Dt ....,.....1.. ,trotlllU.
1.11& _ eo.........t. _ vUJl. "*'71all pR..... llUC.. of • "lDoI V •• b1...
aMJ.." eo-r.. "CC"••t.o _ eo-;1lOde<l UIC bl..~ abou,ld. be 11aJ.ttd
111 laM 111 _ w to leaa UI.., tl... per ""at ot u.e .............ta.
Tbc "._ Stau a.1&lIv~ Dc~at. earrled. out a .t.YIlJ" <Ill
tbc .tt.et. ot .bale 111 co.rM au;....t. 0.. u.e at."'lri!t.h ..t COIlc... ta
...." 011 Ita ..&i.t....,. to 1YH11"6 &I:I<l. tb... lac. 8. lIalDr ...." ProI.ll.1a7
(61) ...too that 111 Ull. a...at1f;.tlo.. u.e oo...ta &PAe~ ...... __
1Jl _.-. ..... ot villa v .. aub,)aC1Aol; to~ elLrlac CODIl.It.1oIl•
...." tba oUlirr to t","u,.-"""-~1ll5cold1t1ou. Tba ...port of' till •
• t.\147 .tata. Ulat. tlla 1llcl. 10ll at n,.. _ toell par .,.lIt ot .bala 1lI
tbc co tc _ tt.et Oil u.e ,lIaab111t7 of ooocrctc • ..a.-
.l"eWd. to ~, qc1.. ot t ulll& ...." t.h"'l11& &lid 00 lIIport...,t. 1D1'1..."".
0...It.bIr the cOll,.....I,.. Or naural 'U.II&Ul. It wac eOllC1»:1td tII.t
n,.. par .,...1. wou.1<1 _ ••ult.able ....e1tle.tloo 11aJ.t 011 abcJ.e, ,ro-
vl.4eO. Ulat. u.e totaJ. _to ot -...I.• ...." a1aJ.1....1Ib.tooDoca _a oot.u_ t.ll1& -.lit.
"i!*"ot..1J' "'f)' little _ bee.. publl__ UIe .theta ot
ob&1ll 011 eoo:....too <lural>!l1t.7 .1oec t.bI ....1¥ 19)0' •. !lI... ,..._ot...,1O'
~1tlcatl"'" tOr ahala III e"""... tc ,,""••te .... baud OIl t.bI
trflP&DtU")' Illtorwat.1oIl ,ro.,1ded b7 tlla 0It0,-"t.10_ at.\IIII•• pl""
oot.lIIl.l ......1....,.,erlc..... 1.ll u.e .....tou. .toota.. Tba _ ...... or
Uoc ... lOU.1ta ot u.e .t..U .. _10_ -... _ to bo Ul." ab&1a 1Il
..u per<>Oatlip. (por1l.apc ......... tell par .. lit) _.'t e_
_ ..~ to~.~ to t.-.u,. _ u..1.D&, bllt til'"
~ ,lttLat; _ popou1;. <Ia ..N1t f.- tbI abaa. nc...t.lllll..
........" tbet _ 1Ib&l.e...., dlfr....lltll" tblllr. ..u.ro but d14 _
,
._.t 0<lJ ..t_. tGl' ..11'f...."u.t1>ll ',_" obalu rn. "bad"_..
A. lar1;f .. tbe 19~'1 INI,)' It&t40 b1ghv~ ~pan..e"tl bOll1
lp"'c11'lClU.l""" llaltlllill u.. pu"",,,t•• or~ -.l.lowQl. iJ:l co......""
~.te. S. \falter _ 'rouUay {671 "'"'"'" 22 .".,\e. Ifblcl:l l1a.1loe1l
e1tbor ......a ..r "eon, fTtlObl,a (""5-0tl __r uln... I..... pw1.1cloo.
1Do1l>d.l.,. olIlO1,," !'wl.. Of u.. .tate, btd. det1.D.lu. .~cU'lc.tl_
.... ah&J.. a ..lt 1Jl ..oar... a,ul"e,lte vitI> _t or u.... all<:Nlll& rr-
o.~to l.O-per .,....t ,bAle. IllIIIol.eell or u.e otlte' lied .p"clfic.U.....
OD lOOn, ~llObLt rr-....Irt. lAo:l1Oll1Q& alI.al.e IUI _t or u.. .. allOO'l.
_ ,.0 p"'r .,."t. '!'loot.. lpecUlCltl.oc>l we "-- oa uperllZO:I _
.... tboo ""'11 &ft.b 0U1:1~ -..
fodll¥ ,rener 0..... or ,"l.eo Mo" Ipoc1tlcIUO","
"'......1.G,J t.be poree"tll6" or olI&le 111 COACreU """,,,IA.. ,.. ...",ellt
.......,. ('5) of t.be lp"c1tleuto... or ~ nue 1l1&lJf~ "'~D4
_ 2) "lUI ll.a1U Oil u.o all_otol.e pereeo'. or &all; 29 vlt..l.
lla1U otl tIM percell""'C. or "_t '.--ato" (tK1.<ldUlg lOballr). n.o..
• pecJJ'lc.U..... vbleb L.poeOll1 .., ...-.. leal 11&11.• ,'....-.1lJ' co"t.'-- •
•u~n lucll M: "CoeT.. fCV'a&1W. _1 .,.,...111 of II,""", It.ro"ll,
,hlc_a pl,."... • '0.. u.o...~. ""t"" _ • 6ot1n1t.e ""l"~""
to.. ~. U. p"roo..~. &11_ 1_ r-r- 0.' ~ 2.0 P"" <>eDt 101Ul
_lOt; .~. &11....1ae; -.\ 1.0 P"" \.
AJ.Uloucb .,1\ or 1:lID...p"e1tlu\10... 1lJI.. _ .. 111 "nee\ t ....
'l"1\C " t ... ,..~ _ _ to • ",nel.. ert.c..\ 0.. upo.. le..... _
_ u. -u _\ or 11 U.\ 11M _" ""'. _ DIl&l*•• u....
U __\ .. too _ ...-llrtle Uot.. e"""U'lert~..... Fo..
UM,fI1.oI, $11I or tbe lpooc1tlcIUO,,", t ....... iIlto ...cow:ot dlJ'hr u
l.a tn>el or ""&le, y11.llill u.. ...... 5"'""- bl tbe .pacU'l<:UI .
u .... t.tM! ..,.J..-. peree"t.agu or abale , • ..., • .u.r &11.ooHo4 to, u....,
lpe<:l1'lc.tlol11 ..... ".,,,,,14enblJl l""u til... the pertl ..t-e;u tDullll. lIO'
lI-.r.rul 1<1 Ule ato..-atl_ I01.lldlu III tbe r."tuclI:::r _ Te.....__
l4Ilnfq DO~..t •.
,
1. !'h. r1r.t obJ•• U", VN to l.an> ..... ebout. tbO" properUU
or \boo 4ebt<lrl..... couUt..."tI or 1.lI41_'. _.te. vbl.b rltbte to
t.Ile durOlbUlty or .......... te 10 ¥btob u.e 4ebterl_ "'Urto..t. AIolr.. up
part. of u.o '"&Srltl"te. I.ltboua,tl u.e terl~ bl... re~lftd .on-
.14Irllbb .tuotJ' 111 tl>R _t. u.... I••tUI ...b to bI 1_l1l'1>I4 -'t
tllol1r b ..l. p..,potrtl.... tor ..,...pb. Httb pttr<llllnpblc vor~ b.aa _0
~ .... 1mt_'••bert _ oIle.l. IlSI...g.t<I. to d.te t .. eo... ebout.
t ..tr .t.-ral.os:1. totnUl"'l. _ .1c",.t.n>ct....... AJ. _ 11.. ,_t to
bI 1_l1l'1>I4 Ibout tbol lX'"' .t""'t....... or cbotrta _ .be.I.ot•.
2. h tbI _t Ult.le b.aa _0 done to dltf.....oU.te blt.v.., ..
delottotrtou. _totrl&4 tlul.t. .... or t.ilI _ ' ......rl1 t.)'lII. b\lt. In' ob-
taloed fl'Oll dlth....ot g~rlpl>tc ....... A purpo•• of till••t.\I~ VN to
<I_te... l .. It u... b..t. pnlpotrue. of _rt. _ebalot_ t .... _ part or
till .tete <Ilthr .~ltl.....t.l¥ r .... tllO.., or "botrt. _ ""11•• r ...
ot.llIr pVtI or \I...tete, _ It u.e......... lgn11'I" ....t d11'te I"
UII FOperll_. or till. _terl&4. to et~pt to dete...t.. If tb ..
<Iltr......... &lao .....ult lo diN'I",_. I" <I.....ebUlt' or u.o _terl~.
}. A tblr1l obJe.U.... or tblo .t~ .... to deurato. ..IleUllr UII
__ot ._11'I.,.t.t_ or UII Jte.te 1.J&bv.- rr.~ot or 1ll111eu ....
"
doelewrl_ wbn_ c.~rIUt -'&"'aatce 00 • .-..luUe "..I.. U-
Ulou&b tile.. epeclflceUODI .... \1_ 00 ,. e or nperl....,. _ ..._~,
Uley do not IN_ l"to IOCCOWJt poulblc dllt. "".. 1:1 Ille d~nblllt1..
~ _urlau or I.be ._ type 'but r.- 41fr llt .......
t!lu ~.tJc.uo"" .. collduet4d Pl'L.&rU~ ....W4J' of t.M
d..... oI>l11\y of co...,..."" pnldUC.t by OOIIbia1lll5 -U ~""'I>t.... of dele-
Uri"... """rllt.1Jl f..- todl..... 5'" b "it,b ••1lll5le .w.odar<1 f1M
~."". e~ ."""" eov.- "" • ..." port"- .......t. Tl>o
fl ... ..." co...... ..,...,.ta. boUl bod .- ..... lee ...cord.. II> odd1tlo"
10 tbo <1urob111t,. to.,.l1l1il. t,..t. v.... eollll....,t4d to d.""...I ... _ ot tbo
b..le piQ<.leal proporU•• ot \t.. oSoletar'- _ur11t.1Jl 1.11 Or<1ar to
"'e..1op _o1ble ... latlooulpo ba_.. u... ,....,.rtl•• ""'" Ula 4.....•
bU1U•• ot tlle ••tarl.t•• Cberu ""'" .lIoJ...........leeto'd .. the
<l.eletArlo....,*,nOlle.. 10 ba .tud.1c .I"". \/W.. roell ty,...... l'robobq
U. ...t _OIl\. of t.M <lo.letarl.ooLo .......tlt.....u 1a 1D<l.1_'. V_I
OrICNC.ta•• _ ba<:.... tlla.. 1. atUl ...,b to ba 1• ...- &l>out U.
pby.leal propllrtlu of tbo.. tv<> NtarloJ.. _ -.t tbOt .ttoet. of
\be.. _tarllt.1Jl "" t.M d....1lb111t7 ot eo""...ta.
no. eber"U ..." ....a......~~ t..- _r&1 5'"_1 ..._.
~t tbo st.to of Ildl...... 'ftM, ellorrt. _ .bal. tllO -l.7
e_po oU of tloll .u..b tb.t t\ldlc. Altbo,..,tl p.lete al... roJ.<IIle
uo.t;y eo<ld...,t4d 0" tho 1. trao oJ.l \be Ull. 1.. •
t_tl.. " .. _ ~ to &1 _nJ. ........ of t.M <1 illt,. of
........te. trao <11ft....". "lnUl \bII .~_ ......pt 10 ral
".." 110 .ttoopt v.. _. to """te...l .. rro. vbleb poloe;le to U"". tbo
5'"_t ......_ ...r1l;a.tAoI.
b_... Iek.1.... _ \beo ...... <llv~ I.nto clt1c gr"'l\J' ~"PI' b, __
of .'Y)'·l1,,,W ..poon.U_. a-J.l r_ a. froo u.... ....,.,.........
u..o IJI'bJect.I<I t4 vorl"". " ..Ic W.t•. Bili '1'I"1t1c ,rowlt,. bu.lk
opI'cltlc gr"1\:r e..I .....1.ed. • ..rt....-dry _t.l. _ .,...,..lrt ....cltlc
,r,wlt, ve... <lew..11IOI<1 ".1 worl.Uoo of AS'nI D..1gIl'UOII: Cl27·~,
*~ ~ h.t for Specl1'le a u:r _ A!>lOrplt_ or e-r.. ,,"",.w
ell. 1'..........cltlc ,nvU, va. ._.<>.red b, wc.....Wr w.t., _ porodt1
"tllt.11lI • v IIIUoo of 1M liM... tr......... Wc:tul.I,... at voW otlldy
...portlo<! lor , (121. 1'ho YOW. vltlr. <l1_Wr. Of' a.1c....... or 11..1
.... tIIOIIaht to t>o U. crlUclll 0.... I.n f ......·U._ tlllterl.nrllUoo of
cllotrto (~). 'Ill vOl.- or u..M ....r'....u YOW. va. <llt.II ...1nII<I1r.:r
I~t ttlll U>II ",,1_ ~ YOW. &rI.t.llr UI.- , a.1c trooo tbl _111
.....14 1.... V.cu,. lIIr....rpttoo. 211·bDur lIIr. ...rptl t 1I_.pberlc:
DO till _ ._IIlI. till! .......ulr.J...,tecl. t4 tl>c • ..,.cltlc: ,r,vltl U.U•
...tr<>&r..... lc: _1.. of tIll.o oec:U_ or u.. elllrte _ lIIr.o.I.o.
1 YoU., .1....- 01' t... 1.0 cl.1_t.IIr vill bI nr.rrecl. t4 ..
-.ue........14.· 1.- u.l.II report.
"
uadart&lotll, NIIl. 00 nt_pt .... _. \0 dew... l ....hot or1g1M or ,lot
"nertl Or aheal.
~ ""..r...- ~ ~r<tte !!!:!!.
e ut"1:s o.orte 2!. ShaJ.u
Tuu"ll or oo toe oonul"l~ ..u poore...' .... or chert Or
.balor ._plea CODIlUoWd prlaaz-llJ' of treen-taw teIUll&. IlcDClI or
t:IIO, tou.:r, W". _. \.D _ u,.... d" per ..."t or le.eIl \J'pe or <:he",
_ eb&h .... l'O __ "IUI. ••t_ud eruabell It.en_, ""'" u... bloolld•
........ UOltld. to _ }- 1>1 11- b,l' 16-l.!>e1l .lr.....olr.l_ ""DOret<o be.....
!'bII.. bo_ w ... u... lubJecte4 \Q up to }OO C7\'llI. or rr-.U1g _ thw-
111& 1.11. .......,,-Ue rr.u-~_t..
A••r~. AS'!K d...-.bllll,J r"'l.OI'l a. }OO qel.el or (raUlas I0.I>:l
tllwlll8 ca.puted tor t.bo v-.r!OUI CC*b1...t1ona U11' vo'" teat.e(l.
1ftIoIre po..l lo, o.aU.tieal~ "",re CCNld..o'Ioed .... u.. 4 -'>11U,
r ...toro \0 ute..-1M Ule .1pUic or u.. .rrael.& or .....t tor• ....:11
.. \be -.or..., or u.. 4.J.ootAr~ _uflu.. _ tbe per ",,,to or u.. ..
uterlw u..d.. III ""'diU , teato ...... collducl.ed to <lebO 1... thot
otr.eu of b_l.e apoclas r ton _ opoKU'te ..,dace or toM &1r
YaWo 011 tJot rr.u·~ "' UU:t Of olr_lr&Ulilol coac=nw.
8t...,., u.. be_ COIlu.tIl1ag olI~ _ l1t.llll ......p-...ted _teflou-
U"" vb.", ""po.-d to )00 "lc1.oo. or r lac _ '_Lac, ol\loll.lu of oW""
r .... 1<Ir.,.l"" ot U>e. be_ eN'TW<!. ""t. 'hot••t\Oll.. _ •
•uted or ..1• ..-1 .nJ.\aoIt1oll or "p>pouh" _ • ...-r..,. plUUli 4". t.o
t ....u·t.IIllt 4etcrlo..tloll ot I.lle _-.le. A .1&11....tu4;f .... &l8o loIlI<Iu·t_ tor tlloI be_ eODtala.1.ll& cbert.
~ £......1 upo.l'.• or l1OS1.... _ ~t Utll'OtlJ" or IllOC11lJ.
orilll1. IuIwlIliI _ .. erodoo4 fro. !><OIirock by OO..tiM..ta1 6l1OC1.re ot ra.o.an.
111h>ol.... _ 111..,.,,,.1,, "I:e•• _ depo.U.-l. b7 51IOCIIlJ. .ltv.te. 0 •
........_ ..." «po.IWd b7 letollr .tnt........1. <4 tllot.., IIJ.ecIIlJ. 1".....11
oc::eur either u ....tv b • .aIMlIto. I. •.• o..tvull-ph1.ll <I.poelU _
wellOl7-treiD <lepo.lh u l taet _!:M..t •• vll.1cb l"clloOl• .,uJ.....
~. _ elke. <I.po.IU. ~ tll tboo walley tr.lII depa.1h pro'I'ld.
tboo .....teet perceot"l:' <4 1od.i '. _...,1&1 Vewel "~o. TIle
dletrlb..Uoo ~ IllOCIIlJ. depodte 10 lndl.... I. ell<IV1I 10 'lI....e 1.
fboo _.11.1.. <4 • V .....l depoelt d.pellll ..... tboo type. ot I>edJ'oc::Ir.
vhld> __0 .rod.a by tboo II.11OC1er ...PP1710& tboo V ...'d. III p1ecu
V"'""' the Ie• .,.., _r brlUle ellelA. or '_'_'. uterlllJ. tro. tile•
....,b I. p"Mot 1.11 11I"'1e.l d-opoe1to11 ..... \be alI.elA-lOl'ZIIbto.. -.cc _
c ... be touIlII for. t ... _11... 1.0 \be 41.,..1.101> ot lc. _lit (.'2). I!h&loo
pertlclu _ oat ozd1D&rl.1¥ to_ fer r..... tbdr ""","",,,Ir. IIOO.lr'dt bec_
tIIey ..... ..,n _ ut"-lJ" • ....,.ptlble to ebruloo.
Ifboo.. llecl.", _ ..-- U-._ or doloal'. -..oc::Jr.•• lera.
_1. of tboo......IIlJ.. ta t0ua4 I .. tboo 41",cU'" of lee __..1.. It
tboo 11.-_ I. cbort7........""-...le cboor"t ""'" be tCt\ll>fl 10 IJIoO V h.
UILl1U ebaJAI. d>oort ..,. boo e&ITlOd fW'ther troa !to -..ce ..... bee ..
H G II N
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FIGURE I. MAP OF INDIANA SHOWNG GLACIAL BOUN:lARIES
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FIGURE 3. MAP OF INOtANA SHOWING APPROXIMATE
PERCENTAGES OF Ct£RT AND SHALE IN GRAVEL
DEPOSITS
eOl>&14enbl. var!el>1l1t:r r,... 0.. part of tile ._ bar to aaother.
0n1J' V.Y'IItle ......UlJl1.l'5 .uN'Ie1eot~ 1.u&. ~~"'0Ur&'" or e~rt o~
eh-.llo ...'" ..ae~ tor t.b.l. atUlt,:r to pe...a th., _e4 quaotlU.,. of
tile.. _Ur!&U to be h-...l.ple_ fro. the ,nv.l 10 • naao_l. -.ouot
Of t"-e. !ba eU.1Mt.ed ....., ueY'lltl de_1U .. _.1hl. ",un:e. of
.lt~r obert of eheJ.••
Alao, It pl....-.l lbe1 Ule ........,u MlIOcte<! be vlllel~ dl.trlbu.1<O<I
~t tolll u.et tbeJ ¥OIIl4 o~1&lJl."~ 4m.re"t bed....,k
....!t. t.Ild. ¥O...t4 _ ..ot .. v14e~ dh..~,ent • ,"""'p of cber\.e lIO<1
el>&le... c_ be obU!I>Oo4 ..1tb.1a u.. .Ute.
The ebe'r't lIO<1 el1eJ.e ....,... MI.ct.e4 on tbe but. or 1.1.....
erlUtrb IO.Ild 11.. 1m'o....1.1... _ 1<0<1 1a '!&uru 1, ", Nld}. The_
."""'...... llJo1<O<l l.o Tablu 1 _ ", eod 1be1r seocrepb1e 10<:.1.1....
.... ebO'Vll to '1&"". k. M1oenJ.OSle ....l¥... or t.I>e ,re....t. rr.. the..
-..ee. pl.l.l.a --.11'_. for e f_ at.bIr 4el'Cl.1te 1D 1041_ .... p"' ... "t.ed
10 TetllA 22 1" 'p~oII1.ll •.
Tb••_le. or <:bert IIJ:II1 .bale to be uMd 10 tl>l••tlll1y vere ob-
t~ 1>1 _Plek..l.t!l the _tulu. f,... ~re:t.eJ. .toe:kpUu of
~....,.Ut.. '1..... r_1.l'5 1D .In n- '/6 111l<:1> to 1 iac:b .......leete<! •
.....17 otlonpt v.. -. to obu..t.ll e..p1.oteq r_ ..lee1.1"", vHbia th1•
• 1&. rup. A.ft.e~ tile _p1.e........ ll.........t \A ho. u.o flelll, tlle7 .....
e....t\lll,y elleeUd. 10 tbe lebor.tory t.o ...,.rt.10 th.t aU ..t.rl&l UHcI
_ e~ o~ ebAle.
•
s_PIA._. toe.u_ a-J."S1<: Source
,,," _.- .~~ uei.ll or St. ,",,'.,,-
"'" .~~ UU., tral.n ot St. Jo_phRift..
,,'" "- ,~~ lull> of 'Nt "orkor Vhll... Ill..., ..
"'" lIut Wor...,etloe .- lrlO.1D 01' 1I.t>.... Ill .....
"'" c;oeporl y.u.,. t.raUt ot lIut 'ortot I/lllt.e ll1'o'e..
~" Uft,. I'"'' 'l'cll Cit,. (: .......1 to ... 111 Ql10 R1..cr
.,
206, o.••our Valley tral.. or St.
11&11'" Mlv, ..
v..u.y tralD of I ..t
I'ork or Vhll.e
11...,....~ ...... .:- .... VitJ.~r.l.. hl'7 IOtt ....111.00<:-..
~~~ .....
'"" IDCll....po1l. ,..u.y ....16 or ralrly bard t ...~_.VIIlte 11I"r ~~.
"," South Iletld VAlley lnl" ot II...., pl.t7 .....I>O"ac..,wSt. JOHpII IIhtr ~~
42
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F~E 4. MAP OF lNOIANA LDCATING SOURCES OF




























































































































































































































































































































































































































l1"ted I" 'I'Ulle 1 and lhO the lhaln Ihted In 'I'lll>le 2. I<t~r bel"6
lep.....ted int.o }/8 10 1/2_1nc:b, 1/2 to }/Io-14<:I>, and }/Io 10 1-1",,1> lin
r_"l, t.bl oberl. ve~ "-hide4 1nlo .peotrl0 gravity grnuPI (blJ.1lr.
..1...._1&<1 .....t"".·1!Ty 1> ... 1.) v1t.h!.<l Ihn••1n r_u by,...... ot bl'")'
11q"id ...parali"". tb. llql1idl u.ed ...... oarbon ~or""b.1orldl, .pte1!10
guvlly 1.58, lIlId acetylene tetrlll>toIIlcle, "peotr10 grnlly 2.97. For
the cheri lepar"Uon, th".. 0...""W><l.1 vere "tr.1l<I t<lll"lber to gl.. llql1lc1.
vlt.b .J"'0tr1. gr.v1U.1 ot 2.}5, 2.115, and 2.5:>. '1'110 oblrt ••plot.......
~ue4 In vII""r tor 210 bour", UllIn placll<l !.<l tl>o 2.:>:>_lpaoitl. grllrlly
liquid. 'I'bI ""rUoo Ib.O tlo.te4"... " .. _ ott, and thll FO".dW'e vU
",po.ted On Ob11 porU"" 1" Ille 2.10:>- &Ild. 2.»-lpaolt10 V.v10y llql1id•.
In thh vt.)' obO .beru II"'" ..par_ted into th. fo11""I"6 "!"Iotr1o gr.vloy
r"'lll"l: 2." pl.., 2.10:>-2.:>5, 2.}:>-2.k:>, _ 2.}5 oUn\l.l. 'I'h......n-<try
v.~1 ot lIoh IJ>IlO1t1e sr.vlly grollp"u ",oordll<l &Ild. th. I"'r ".nt by
...4;hl v11hln """h ot the til""" "!"Iolt10 V .... loy grouPI VN oalou.lated.
After 1000-;1;"....pl.. ot e""b oherl 11....1 llIte4 in th1" Villi to de-
tenl1ne U>t .paotrl. gr.do,. dlnrlhl11ioll ot the ohert troll Ilach 1lQUr".,
11 v ... d•• idl<! 10 "j>Ar.t.e Ohe "ntl", ollerl ,uppl.y I"to "peoltio V.v1t.y
sr<'Ul'll &Ild. to rw> aU ....."e,11'" "".U on _terlal ftoll e""h group.
S!.<l". lbe... v 1110lot ..""riel. 1n tIw 2.}5 .1n\lll fr""II"", 10 v..
de.idOlll 1.0 1lM t.be 2.}5-2.1o:> &Ild. 2.}5 .1nILI VOUI"" All .....ull,
eJ..l tbe obero VU Mpoor.t.d !.<l10 2." pl\l.l, 2.105 - 2.", &Ild. 2.10:> 101"".
_1t10 V"v1t.y group.,h'ulk aat.....te<t IIIlrt"".-dq b..h) tor \III" In
turt.llIlr "".u.
llpftltlo Iuvlly '11.o..lh"U..... (hulk ..1...._ .....t_-dry bu1.)
vwe .ho obtai.... tor tbiI 1lb6le. hy IbIl bIlny-llqll14 IlItpIlr.Uon
I.oec:l:lD1que. "&MPle -14h1.l:l;l; &pproa:t..telJ" 1000 V- " .. obt&~ tra
.ad> or u.. 1Ohal&& b1 'I.-"1l'll. U4 tile e!>O'cU'lc C'"*"'lt1 dl.t.rlwUOD
.... det....1ned tor ...,,1> or tb.." ~l.... ThII &hal...plll& "C'" .........I.oed
Into the to11""In,g &1»"111" gr&vlt, rqu, 2.5' p1u., 2.~5-2.", 2."-
2 .•'.2.25-2.55.2.1'4.25, 2.05-2.1'. _ 2.05 e11DJ.l1.
010 u.o 1>..1. or tbII .,*"1.1'1,, V ...1t7 cl.htrlbutl... ol>l.oel_ rro.
tbII~••••_ .,*"1.1'1,, V ...ltJ" nJ.... 'I" c&l.cul.tecl. ttw ....b. .~
to be 1.oe&1.oed. Thea 1>7 .........U .. U tvo .,..,11'1" VnlU.., 0.. dl4htlJ"
bel"" ..." .... lIl1Sbtly NlO'f'. till nJ."". It .. u po..,ll>le to cbt&1<I
& -..ll &.-pl. or "..,h .hllle h ... l pe"itl" Cr...lt, v."1 "10&,, to that
or tbe ..... tor the ..bole .lIPP11 or tblot putl"uler NIIIla. _ ..111 teAt.
or 1>..1" 1Ib;;J.lclll _ ,,~lclll _.-tl........ l.ter nlIIo .... u.. ... ..u
&ll&lIi .-ple& vltll .- • ....,U'lc vnttr r&IlCt....__ t1Dll tbII
......... 1>1U.It .jlKU'l" vltJ' (utur.ted .~-cl.ry 1>..1&) or tb<o NIIIla
1<1 "acl> lOW'''••
I.La .,..,U'1" ....... lt7 te&U ver. COGd....toecl. .... ti.... _plot. or &b&le
_ .1.:< ot c:b&rt. Altbou,p &ll or til... _101. bad. _1_1.7 _
_ par'ftecl. lato 1>\Ll.Il ._U'l" V ...lt1 ar<>I'I'& (ut" ted .W"t.... -dr)l' 1>..1.&)
b7 bellY)'-lIqu1cl. IOI'P"I".U...... ecl.cl.IUollll1 &pecltl" vlt7 WltA "".... nlIIo
1.lL ONU to cl.el.oe...tM "",,,urel.oel.y the bulk &pecUlc vIU.. ot u..
_leA tor _ 1.1> "IIlClllet1l'll tbe totlll porol1tl.&l ot u.. lIlIoP"'$.tel.
!be... I.oe.U 1/2 to ,,,..t.:lL plece& vblcb ...p..__ the
_:1_ &1&00 ....." b th1a l t~Ul....
no. tlY. dial. -.Le. te'- ~ bevl.llc the ._ I>ILllL
........ce. 11.Wd. to TobIe~. 10 tbI " .... or el>er~...\.e.1al r .... t Dt
tl.- orll.l6a1 .1Jl _n.o (_ee. 2067 _ 2071) 11.Wd. 10 Toble 1 ..
_II "P*T.~ed lllto ~"'- .peel1'l" Ir...U1 II.f'OUJII, .1>1 ••pl.. veri t.._
tor \loall< .pee1tle V"-lt)": _ tor • ..,11 or t ... thnII 'i'"1t1" VIOYlt1
To 1Wt.,,1.D. th. blllt .pe"l1't" guvltlll of t.IIe......pa•••
_i6b1Jrr& ob(lO,lt 200 5'"_~ ~r_ 1<1 n\.er t<. ~, bc>o.>r••t t
10', . .u ~M .ad ot ~1I.t ta. 11.-1 ...ro "'11_ 111 ...t.r .t 70', b11.
An... v'lI.lIl.D& 10 ...t.r. til••.-pa. _rI " ..... tIlll1 blotted to •
.....-r""'-<1I7 ,,_111<11, ..." tile ..1.....t4d lurr_~ ..ter1&l. "AI _1gl>Id
1<1 .11'". !lIl. operaUoa vao perto.- ...,p~ .. po..lbU to _ .....t
'. • ......0-<117 _1&bt lit ~Ite,.... • ..t .....t.a .....t..,.-<1I7 _1&I>t lit -..,ot<t,
" • I_reM _lI.lIt lit 1IIoI""11t. ..." bNkIlt,., • • , • . _1&I>t of~.
'7
•
lI..d • \/1 • 112
v!>e.... U. "1> "I.Uo... N'e ~be __ .. tbooM .... 1.. tl.adtlls the
b\ll.k &1*=1.1"1" Uy _.
Tile t ....... lpo!'eU'le cr...1U". of tblt cMrt _ -'>all ...plea vent
<l*U..l_ b7 _ ..... of • u1&bt _U'leni.... of U. pyc...-el.er .et_
..tel UI Opt<:1tlc &"uitJ' t. tLDg of IOu.. .. ""UInecI 1>7 1.-.0 (22).
'or tbll "It • rNld ple or U>out l.en Ir_ of pow4ered _terl&l
" .. obt&1ne<l. r ... "..,1> or the d'" "bert _ n .. ll>aJ.e ...pJ.e. teat.ed
tor bull< "l'O'eU'IC ....... lt7. Tbl& "UrIOl.l, 'I" povde""" by (lr,t
c",-hq It l.D • -.u. J.... """,her, *"<I the .. rt<llM:lll& It to • powder
by .....,. of .. ~1_lIlI ,"",rlar. /1.11 the ....terld l.eeted »NH<! the
,100 d .
Bec of U.. -U q"""titie. or "!.erial Ulvolwd, ..
50-.1. P7"..-eter ..... u.o. 1» phc" or thol :>00-.1 .....I_trle nuk
e'-'D1J' epooe1tltd tor lOll .tlldl.... The :>11..-1. PT_\.er ...
calibrated. ... 1Qs llleUU.cl v,Wr at .....1...... t.e.per&w...e. "e&ll-
breUOll eur..- releullS ~ _1&IIt or U>e ",~ter pi... vetoer to
• r,,- or ,,-r.ture, rrc. 20° to }I)'C ..... plotted.. All ve\cll·











































































































































































































































































































































































































































































































































































































































































"'2 .. _16ht. til P'1"_Ur tUl-.l. v1tb ..,tar (t.... t1".- tbe
cu.1brnlCID """'"' tor P:I"C_url.
_"""', u. .-.u ar ob~t-, _ ._ at 4,r&1Aap. "l'5'*"llUJo tile
.he or tile t.e ... ld. 1, eriU"..!. 10 ~u·u.. cl..UrlO...U ....
_ .. _ Milia (k6) lUted. 1" UlJ.a eoIlDIeUoo:
... ""'ter -l.JliII; bT <:.p~lt7 "Ul __Ur ~.t.e.
"..,t-.1ll:l.ll& oa1J' l-.. yoW_, ..... 1t u... _~ 1-<I.t...•....-_ ""'" _t. ~. 0It. \be _loa' ~. -U 14a
"w \Ie ....~; 11" u.. ~l.Jl&'''' -u... u...
u.o.. at 1.be_~. \be ..IUr ..Ul be proet...lI'tl~
c1r ..... Urto ~ r .... u. PNt-. Il\Lrll111l ~rl...a of 1Q'dr1lt1..
.... 4t'7i1l&. wt>u. ~r 1, bellll1: 1/11.114>'_ fro. tile 1_r-
iltleea ot _1.~•••eer vtll be dr.. 1>7 "IP11.1...-U7
t...,. ",""'I.t. !IN'ticl.. COll'l..ll1lni oolJ' ..01<1. largu
t.bu. t1,o.. 111 u.. paoIlAI, but. tboo 1..t. ....Iduaa at v.\.e~
.......1II11111 111 1.tlY..l;t dry "" .... lAI _, "" oo.....,otr.t.ed
111 -.&1"'1.". 1<1. -u.~ U1 _ La t.boo ..-t.
_lAI. Tb... r<>cb COGta1.o!Jll& eIC:_!Jll&l;t ..u. lII,,"r-
~ct.ed 001d..... c'poiblc or .t.tIlLa!Jll& _ ....t..lI1111&
• Illll;!> dee ...... or ••t.ur.Uoo 10 cO"".... lAI. II.IId. _, be
.....,.,pt.lbll to dl.n1pt.1010 it reput.a4 trenl"8 occur•• •
alaab (») tou.od talt.. 0lIl1... oat.ur&l CO<dlU..... or rn.oU.lII. 0014.
1... tb'" , alel"OlI. 10,11_t.er. o.od part,leularlJ' le.. t.hI.o ~ .lcr<>1II 111
dl_,,"r, v11.1 dr.1II e1'teeU""lJr ClI>1, It. ~.UUe pre..ure. th.t
1'1""'" t.1le t.eDaU••t.rellllt.bl or ..,. tocb _ ............t.. _to (::.9)
IIld1_ 'lire,.""', u.. YOJ.... at J.d. 1... t.1l , a.1cr<>D1 111 dl_~~
to~ IIIdI_ 11 toOl. vHb Iood I~ reootdl v la.. u... 0.0')1
(up......ed r.t1o ot oold ..oluae to Ilulk ..oluae), II.IId. H v"
1l'I,,,"~ U> 0.0'}1 tor tbo.., vlt.1I pOOr .....,0"""'. r ...... (1') u.o
....porUool c<I~rellU_ bet.vwao U>e ....1_ at pore. a .. t.h&c , ale...,...
111 dl_,,"~ _ t.1>I t~".lll6-__t.~lllll durlblUt, or ItldlMa l1a1-_..
_~al .t.uill.. ot ...,Id. la U>e ebl~h _ all&le. """" 111 til" .111-
....t.llI;.U.... TtI..tON tot.al ...,t- at ....1<1. II.IId. ....1.... or ....1"" 1...
ot ","",in., VN eeJ.eu.l.ted tr<a the toUcvln6 .....l.tt_hlp betweell
bulk • ....,ltle srayltl ellll. t ...... epecltle Srn1tl (<ler1veuo" ct vhldl
'.-,-
0 • P>,..,e1tl,
, • t,,~el YOl.-,
, • y<>l_ of Yo1dl,•
" • ,~ .I*"ltle V_ltl,., • .~ l~eltl0 IUyltl_
S1u-6l.u:ll". ot Po","
!be ~r """t ot ~teJ. Y01.... .-I....p ot Y01d. JAil th... , .le......
UI. ,U_Ur (.lo..oY01<I.) VN Obtel""'" bl .llbtr..,tln6 the per """t ot
oo"e .....U end ROllveJ. (108), vbo developed. l1.l>elr .." ....retioo _~
tor 4"te..Ul.1.nll tlle peree"te&"" ot 4ltt"rellt t1Pl'. of .1ner&l.e III
tb.\.ll oectloo. ot roe".
p>u._ ..etl.oae _ eppllon1oll of 11De..- U ....r .. Uoho.1QUle.


































































































































































































































































































































































































































































































































































































































}. '!'be poU....'" .....r-. _re ,.1_ "":'r • ~~ pooJ.c -.lcro-
ReP" I .. reflect.ed. lloabt at 100x &I06"1rlcn1l:>... '!'be I ~~ ~von.ll
.Ic...-\,er bee • tr.yu_1Ol1 ..,cb"'l.. "'rh· by _1:1< ceJ.1br.t.ed. "_La
__ of vl>lcll .., be ....." "pW.talJr t.o corel _at ""1'0" dll-
f ......t .t-..... 111 the tr......... I .. tbl. a""".Y. pweJ.J.e1 traYer••
at aq..-l lJttcn'&la "*"' _. acroa. tbot pol1a1-1 ....-f.,•• <tf u..
piece. of <:bert""'" abeJ.e. 0... "bee1 vea uee<l t.o ...""n1 lha 1.,.0.
..f tr....r.. Ll>. "blCk Y'CI1oIa ""... Ll>.ter..ct.ed.; ..... Or tvo o>tber ,,_1&
_re ....." to> recorel tbe le"Ctb ..r the tr n. patb Ll>. ...114 .
At the .M of ._ tre....r ... u.a 41e.l 11 fo.. 1."Ctb ..f t",..,.-e ..
1A Y'CI14 • ..."" le"ll:tb 1tI .0114& ....... r_n1a4. Ito "p1J:lli, "itl> tbe
,......,.. of tbh .t~ oaJ.1 t.bot Ll>.tereect.e4 Y'CI14_ 1arlIer tbao , atcr<tDa
1tI "'i_t... "are l"",l""ed .. part of tbe Y'CI1d. ,,",,",",,",,1.. 8epW.UOIl
of tI>e ..,14. Ilt tbot '.lcr01l l"...d "ea ..,.,.,.pll.bad by ..r •
-.l.c...-te...;rep1ee<1. Ill ........ !."lI: the tr........ tl>e ."" <tf ar the
....1t1.Dc. "" the .Ie..-te.. ..,et.e " .. .- to> .."""'" tbe paLb of
tr..........
~. Af\,er t.bot ...qui..., ~r Of tr.ver... v..... cocop'."'" for
_.,b .urr..,•• the """'''"E;. of Y'CI1d.. vea ca1.<:t&lat.ed. by "'1'I'Ui.Ilg the
toW tr_.... paUl l.o. ...,w. by _ t.ot&I. tr........ paUl Ll>. Y'CIw. plooa
\be toUl tr_r.. paUl. 111 ..,114•.
T.ll .qu&lly .paeod tr.Mr..a v.......... Oil • ..,11 of tlu',.., poH.-
.urf...,.. f ..... e",,11 ••ple. 81"",e ttll.e 10 f,..,.r UI."" """ l' tr.ycr...
lei.llrtcll (16) Iltllt...... ",qUi""" Oil tha ......OS. t.blJl. ..,1.1... 1a
"""".. to> ""teLl>. .., ..,cu.r.,y <tf~ _ ptr ..-t 1A _re.l~a
or~ rocu, NII1 .IDee oD.l.J' Ulree pleee. _re .t""'l-.1 r .... eICh
..plc, tto. ....r_ ~r,,"o~. or YOW. 40tol ...l""",, tn tAl••tIiQ
sllOIIl.4 be <:o<lslIMA4 001,. ..._lAstl..... of Ule t,.",. PU,,"OUIIU.
00,", tl>e plroslt,. O'OO.I.tIOlll of YOW. uuter th... , alcro"" III
41_toIr v.. 4HonalllC4 by this toIc lque, the ponton of total
porosity conslotl.nl\ or Y014. 10.. til , alcl'ODl 10 41_ter (alcl"O-
voW.) • 01" U>oIlsbt to bs crltlc.1 In 4.toI ...lnI0lll tl>e qual It,.
Of eoocret.e ......&.te, v.. calculal.eS b,. .lIbt.....,tl.q; u. plro.lt,.
for tto. Y014. cn.toIr U>so , atcralS In 41_toIr rrc. tlM tot.s.l
po.... lty as d*toI ...i_ r .... the bIa1k sod t .......peclrtc U.yIU••.
AhtorpUOO ruts
Althougll tile pol"Oolt)' of N> e.Mres.te CN> be IDIllc.tlolI
or IU 4.... 0I>11It,., sore baslcall)r tbl t're<ItoI-Ul.. 4 shl1lt,. or ....
tIlYNg.te t. t.ho\I&Ilt to be so... clooel;t rel.teII to Ule shllH,. or
u.oe po.... to sbllO.... NII1 ret.1n v.ter vllUo the part.lcl. I.
W>4ergoUlg r .....tlOlll sod t.b"1lI&. AblO'l't101l NIIl. n\l14-fl"", ...ure-
_lit. tblrerore .... t'WId_ntal tn tM. ty~ IIr .tll4Jr (11).
Tho shtorptlcn toe.U cirri.., out on cl>erU NII1 ,hal.. In
thl. ,t""',. wre (e) v..",,.-..tw.te4 obSO'l'tlOII, (b) 2~·1>ow"
sbsorpt.1DO et e_pberlc JrO!'...... , _ (c) ntol of shSOrpt.lo11 et
e_pbutc p......... f..... ,*rl04 or .- _k.
"
l.D41..W..-l n.l... to (.1 • _toer. (tI) • """t.1Der or ...toer rr- or
.tr tI\Il>tIJ.. •• _ (el _p f# U>I ...t.er-»t ..plutor typot
.... _. Dr7 foI&r"tl.toe pJ.eceo1 l..II tbt e_r _ ...""...te .t
1lINr. Jot Ule .J;III. or Ulh potrl.D4....toer r .... or .tr tllIbbl......
edaate to the e"-ber .. ltll tile """u,, ottil _111Ull11Od. TIle "'ll&re-
I.W .... ea..red tly ...t.er _ hrt 14 en ~r_ <:0""'110100 rar 2,
lIllur.. U.llll& t.lIh ._ type or oq,d_at, 8veet (59) obt.ll11Od
• 4"'..... or ..tur.U... or .ppn>:llw.t.elJ' 97 potr oont rar erue_
l~_ ~I.t.e.
At u.. ."'" or tbo ~_ potJ'I04, tile .-pta....... r_ r..-
tile ..""_ ..tantor. tllo1.te to ••....r_~ eoad.1t1.. ...." ~.
41et.elJ' "l&Iled to u.. _ ....~ 0.01 p. TIley ...... ~ 4rleo1 111 ...
_ .t lO=;°c. ror 2~ 1Iour., &1.J.c:>voe4 to eool l..II .4ee1eenoJ'• ...."
..e.i.o "'l&Iled. on. ..oc_ OI\I ...rpUOIO "proI._ ... potr_..up ....
. -.. ,
" .".
II ........_ • ..n-.ee-.lry "'1Cl'l Or .~. 1ll v_.•
11
0
• _ ..-4rJt "d&lll or -«&NC.W 1ll v_.
'1OeIna-..l .....led _mio", n .... l ....... e_"",led 0.. ,. ciMrl
-.-u. NIIl. l' .1Ial••_1... 1_ eberl ..-pl.e " .. tu... r .... oo.e or
or~.. _n P"'Il\>:L.. u.IuoII r.... "-_ "lUI ..ry loot 4 .....11llr
hew.. atwr lbor _ ....p1orw.4 u.o r ....u-Ul.. W.l. I:lOcIl or u.o
pl..... or eMrl W.1.e:I. " .. lllWrMCled "r • 4Hp-...1.e:I. erKk 1ll IU
,-rllcul NIIl. " .. UIouglll 1O " ll>o ..- or ll>o ....Kk. Tbe..
iIl41vWuo.1 pl.e tudled w 4.1.lO... i<M 11' t.lI<Ilr .l>torptlolla »e..
Ul;f .....loer u.... u.o.. or t"" r~. pi.e.. r,..,. tllelr ,...lieuiN'
croup•. TM pl_••tudlood ill r.... lbe ;.t.'" .1...... bu.lk .pec11'le
"''''Ur VOUPO ( ..l .....te<l .url_-.lr;y _I.) ....e_ ttll. ·upt-
"'i&bl" ebon " .. U. 0A1,r lrJlO ..ou..lu... 1ll 4ee.......te<l e..-cU. 0alJ'
_ po'OblA " .. ".led r .... elOdl. cbon ~. "lUI u.e .>;"ptioa or
..........~ _ ... il " ..~l lbool " r_ "'~4 po pi.....
_i&bt "" u .."J..J,. ...t or tboo rill........ Tbrft pl..,.. r Ulto .....,..,.
Rate or """,.-pUo" .l "l".pboorlc , ..........
• t.,41......" .. .,_""Idlr NIIl. lonllOo1\1" at u.. PO'" .r.t...
ok" I"'" I ..""eb, _ ..pI4~ l>lo\U.os 1\ w __urh""o4.., ""...
4IU t .. llovll\i vlucl> It I. v_lg__ I_UtAlly U\\lrDe<l to t.be
,
toUl .1.p_ \1.. v.. I~" 4..,... 'the ..UIod ot c&1cu,l_uo.. v .. \1>1
_ .. \hat. ,,_ tor U>oI _~a 2~'1lr>W" *b*"rpt.lOll tAI.t.i; vlt.ll 0..
tlll*l ........04..,. _~\ ot eiICll ••pI. ....... 4n....I_. 1\ v .. __ 11IP1.
ut.ter W 4ne..1De • u..o... t.Ie&l ""'''-4ry' _Igbt. tor tbe eOll ot eiICh
pOt."....pIllc l ...ut~.H"",," ....... tollDwd bl ~poru ot .J..llu
rtudlu""" d..cr1ptlo~ ot t.dl41q.,.. 11;1' Kldel\1 {,..., "llll>oed.. ...."
•t ......u·u..o. dW"lIblllt;l' ot tl>e__terlal" tIlle 1.0.. ot til. pra-ry
plIJ'.lul propOrH.. p...... 10... l,y d.",rll>w:!. Tbe tl1lo ••ctlo..........
1O't1l4100d. _r tr.....1tt.ed. 11&1>t U ...,oUlut1oAo or eppro>lw-tdJ'
lOOK to~. Tbe properU...tud1.......... (.) al..ro,l..,.. _ (b)
CbeT~ I' _eel prta&r!.l¥ Or ,Ulet ald. d>&r.e.... rl.UcU!:7
tlOltu 1be to... or (_) rutllotry chalc.<loll,1, ebj erypWcryaUUl.ne
qo~., (el atcrocryatalltDi quartt, (4) o~• .ad Ca) crt'lob_Ilt,
,
(16) •
Or Ill> tb&1~ Or opal, 0Gd .... elIar..,.... rl..d 1>1 alcn><:r)'a\.ll.Ul.Qe
q.....u. I\a.IQ' ebert..... ntbt1_lJ' lIIpunt. tClat.a1aJ.rc .tIlIDII ....t
calet vlUl 0«..10<>aJ. .._. or cl.oIt.1u Or doled ..... S""b t"OC:Ir.l,
poor1;r ..- po...,.U..t ...... _71:r_ I""" o:MrtJ' 11.0.""....
on. I"'t........plI.lt atUliJ' or el>er'" va. 1tl~.",,-0I<I. t.o pnnr1da 'I..,all-
uu.... 1I>fo,....Uo.. " 1.0 tlMl IJlIU or dU•• alnen.b NId. 1apurlU,..
I'...Mol 1.. 1""-1_ .hoIrt. &tid Lb' ubI!.... MlWld..,.". or Ute" type•.
A,,?! po..ible roolUIOD.ahlj>l l>e1_0 .l.Qer~ ..." durability or the
~.t<o....."" l_nl6at.ed.
TtA ...-pa.... .aeral e..poat\toa 01' .ntJ...... or tu,;,a, I' ""1
",UJ' deu ..l_ a1.....,.""pl.eJ.lJ'. III het, _t or vllat It _
"-" _01 .1>lIh ai_rOLlOlID' \. b_ "1'00 tMtleu, u..no&l, ,,·r~.
vllltll u.y 0:<>".11\ or 'lU~'. ortl>o<:l... """ 1'1"61<><:1 "'CO¥lte,
calort"". &.1><1 ..,ceuory borDblall4a, biotite, ...11:10 ~t1t41.
~1J>e • ..." HrcoO, .... _I LD .. "pMu,· .. altroc:ryat.&U1tIR t.o
.'7p\OC'7_t.aU~ _lrl>l of d.~ a1Dltr-al_. ' h ...ri"U._. "hloru.",
l~t", ",til. _le., _,,_ tertal (16). OLMr
poulbl........tlt h ...... p)'1'lte, Il.uco..iW. collopb_, _
" ...boute Ir.l Tbe "1~ .Inenl. l ..d"". UUW (l'robeblr tba
..~ _). clWlrU.......~U.JD..IW. NIl. UQl.l.atW.
Tbio _1.ll alGIOrUlllleeJ. ...... IUI.. lit .lINa en< e.J ql>N"t~ .Ilah
"lUo ~Ill~"'-". t.'"""~'e_......... , .... a......1_IUe _-
Wrle1 i.e the _tru; (b) t.lIbpel.llle a.beJ.oo. ......UIG1ll& P'O."'r
tUtl W.. per ....t .UCJr tald..pu .. ,,1t.ll e ldlnbl. 1uo11lo1t1 110
tbe _UU; h) .lelCeo.... eb&l. "Itb ebWld t d.trlteJ. .....<O"lte
Nld oould,rebl. _~rlJc eerlelW; MId (d) ohlorlUe eb~ "ab ebun_
d....t .l1t1 taw..per IoD1 • cb10rltle _trlJc tb.t'"*1"" lI1&b1J'
e_....eov. (16).
"ltbo"'" to. tlCll IV.IO e1n or ebal od alCTOeeople
all1UUllIle aoa11'" dlttlC\Llt, tile...tltHee elOrTled. out al....
"ltll te>ltW"e _ aleroetn>c'Wre .tl>l:ll... _t ot tblr .ttort ...."t
_.r<! ldelltltle.tloo ot .Ut-.hed ,nl.. 110 tbIr eh&lu. I" ed41-
tlO" to aleroeeople .IClIral en&1Jr.I••• -1"001 dlttrectlO.. (7), _
d1,N".noU&1 tbe..-J. 1OlUI.11.1e (20) ..... 11_ to .tudy tboO at..reI"6:/'
lit tb••biUc••
"lloo , ...1:1 .h. _ te>l ......al .....I.lllt1 or cberte 1"",llz
...tlect t1lI dq.ree ot U)'.\.Ioll1:l1ty or tbe .111e. aJ.<IrIral. Cbe......
eo..-let or ali<turl. UI ......10.... proporUOIU ot _t1J' leoU'Ople .1He.
"Itt>. lC.t .... rI11 po1...h1ll& .pea. ot CllaJ."'doQJ IU>o1 cryptoU)'.t&lltm
q........ (16). 'tv" ~n>e' .... pro ..."t I.A • ,"..nJ.,,~ 1lot I1alte or
...po.1UoD&1 IU>o1 ..... t\ll'U "1OI'1"tl.o".: (.) "tl'P" eo.... I.U.. ot
alel'Ocry"telllJM. Iq\l&llt. polybodral, &0:1 unlt"ralJ' .hed qll.""'1
....1.... NIl. (b) ....rllty eo"",lIt1ll& ot lrrqullOl'1J' .n1lled. tlbl'Oll'
cbalOOldolQ'. 'ftlu DtId,Jo .u_pt. to d.u_r aQ;J 1"111.U_1P bootvW.
ebert ~I<tUl"ll' __lor .Iero.truc:tur.. __ th. d.urllblHtr of U•• ebert.
SbDh. d.o DOt 1.ft>d. t.b._h... tel .1".....""ple auto ,h• ...-lJ',I.
bft_ of U. a:rtn.q -U alU'" UIDlr ar'1.DD ()7). It tD poa·
DltllD, -.....r. tel 0\1\'1<> quDllta\h. Illfo..atlOa OIl 1IbDl.Jt tert...... til
....,. of Dieroa""p1e atud.1 of thl" ..eU..... AlUlo"lb cl~-,1aDe!.
pDrtlcl.Da pl"lld.o"l ....~ 10 DIlDl.Jta. "at .hDlea Dl.., 00Gt..1O • b.l6h pro-
po~lo" or .Ut·auDe!. pwtlcl.D. (16). 1Il _ DbDJAi. tlIoI ,Ut-
.1ud. I*&"IlelD. ~ ~_I tD. 1'l>t1"ll""" f ........., f1D.D-
&,,'1""'- o.llDl... _ c bleb b "U.l.lT "" .Ut partlclel.
n.. CODI'..r clut1e Ucl•• a • 1Oh&l ae.r&l1;r .ubqular to..-.
Sb&l&. a.,..c&l1;r lib"" ....._ parDlld .....q-._lrt or both u.
uti-a .,., tUWlIU &lid. U. ClIarDeC d..trUu. (16). 8D&l.l-leDle
1.~U , or _10& .... __• I"IIDlllt1.'l& frcoo doI_ll1o"
of .....,.10& _u of ._ uterlDl.Jt .. ew' eu. _', quDrU.
<:&1<:1\<1, or ebJ.orlte, or frcoo doIpo&1t1OG at dUte.."t tl.D. or I*&"Ile1..
or .....,.10& lUI" Ihal.
TbD Uld.h1.d.uDl ar'"- a aJ>Uo,a .uo \<IlId. tel _ • _fund.
or1ellUUoD. _t of tba~ U ...1\h tbatr "e" ay.ta' ' ..c.pble
_. orlalOUcl paralla1 tel tlIoI badd1O& of tI>D 1I>a1.a. 81<>ca U. ela,r
.IMrDla 10 1IlI&a, ....r&ll,y _ \1Ia obapa of tha, flat plate, or
..... 1\ 1& ..__a to upaet a la_r _1~ r.r a allDl.Jt !to ttlo1c1l
_ or cnl.u or1ellteod. ...allal to a_ CI\!oIn" til. fOIr _ 10 Vlliell
u.a Uld.l..U\ID.l _ ... or1Dll_ U'll_'7. For "1.oIT1. ~ (2,) _
_ ....toad. till 1atl_lp of po..... l\7 to orllootatloa or po.r1.1cal, _
"
tor -l;J depoalWd ct.". _ ... laWd tbIJ _ of orl."ta'tloa to
tn. odCla or I.lle ch,y, vttl> .1Olt ..atar da,,& tloecu,ht1.clil 111\0 •
......... ...r_a.at "lUI 1>1&1> po",,_lt, ..... I"rot~ ...too .. ~. c11tpeu1.D«
lJo • f*r&llel &n'1mit_"" .. lUI 1.,., poroatt7. 1l Ie _&11>1.00 that
\lI.la Ut...U ... " .....1.. Oft.. to ....a ..."".tta, _. _ Ulat eba1Jt
po~1t1 ....,. ba related 1.0 _a or "po.11.IOD, but It it ...
pro_Ie t.ht __UOO or U. 0"41'--1 cl.~. 4ur1.D« r uoll of
-a. n.w.ta 1a orl_~1.O:Il of ~.1.Qoo or botb n-. lA'r ..... uJ.t
....Ur <lapoeU•.
R..."U... ()f the _U>O<I 1>7 vhteb t.boI orlantaUoo or Iralll.O
~, ••1\14,. or tilt. pblI: Or 1.11 t.!>II fi•• IIl>aa .~..... 1lI1-u._ to 110..... .or. _ u. ...l.tko:lehlp bootveeG _11.7 _ ....1·
."Ulloa of IUlmI. A t.ooclu>tq_ .aU... to tbat ....-I b7 11.11.<:1>1011 (~l
tor opUnl &1ll4J' of , ... ora<lhU"" or c11t.1" ..-.nIche "&I .....:l.. Tblll
1OO'e1.1o _ .. ,,~ P*'"&lld _ perpelOl.l.,..a,- to In. t..4dl-lls or eK.b
1Oli.a1.e u.... MCU_ -.. ~lIIlI014 boo_. ,,""._ 1l1<><Ol. at 1lXIIc
_"U'l"atloa. '!llII opUco.l ,.."perU.. of • r_.-lJ' Orl."te4 1"""5'
Ofaxt....l¥ ..u pe.M.lcl.e, be_II cro,_ ll.1eoa .... l.z>olu.... lmIte;
.....,11 • ...-P or pw1.1clAl. lIN • _11'0.... lIItArtlt...... oolor _ .. ro-
u __u cro_ &lcola. It,_r, t.boI pe.rtltlol, &l~
.....-u-l to ,o.clo crt""r, tht7 '<:t ... UD.1t'" 'lllI.lblt opUc&1
pNplrUU. For pl.t.·,~ plTt1d,., t"" ... h"o.cU 1041",. 1a
u.e du.eU.... <4 u.o "." _ "'" cry,t.&1 _, ~pr'Oll:~""1.J
"".-1, lod dU't'r _ld.enil1.J t .... u. ~x or tr..,tltl" &1.....
U. "e" ..,1,. It. tJl.1ll MetlOCl at ,...ell'l-.or11OJlUd plAq> alMr~
1ll elOt _pllIIl.1ew..r to u.. "0" .,.., ot U. .IMr&1" u.o .... tro.cU.. Ude:r.
uoq; t.be "c" .eo 10 .uc:h thn jJ' ~1,."..~ w>der pol&l'hed l1&ht, thl.
_1.1011 -u. 'J1P*'" W1I1'OralJr VIQ' vllUe rotate4 tb:'ou&b :iIJ". !bI
"
.u~•• or lll-a.t101l ....,. e:r;t1A<:tlO.. vlll b. 01>......<1 •• thot ••p.1.
o
10 roUted tllro"6!> }60 (>S). 514<:0 Ill"" dlQ' .I.....h vou14 Ull4
-..J.e, UIolo .."Uo"" cut~ to I.M _111.. -.-. p.rla&r1lJ' ". 10
Ihh .tlllly. 'I'be ....ulU of tile orl."tatto<l .tud.,y VI'" _~ to
J:PnC!' or l;&um:RtOUS IIATlRtAL8 011 TIlE 1R!rZJI:-'nWI
DlJRJJltLtTf (p COJClETI
11> ord.r "" <I."" ...1ne th<I .rr.et ot preo.IlIC. ot tile <Id.""rlo"•
..""rU.l. 00 trH""-tbav <Illl'u1.l1tJ' or ocoere"". -.u. porceotOE;u
ot u.. eMru -...I ~~. bel"6 nudled ...... 1aocrpcr.ted 1.. }. til.·
tI)' .l6-1IIch .1r.....atnlb.<l pcrt.l_~..t OCDe"''''' k_ ca::t. vttb •
at_ard pcrtUDd e_..t. enaabOld .Wee ocuae .......,.tot. -...I t ....&1
._ nee ,"&&res.te. The agcreS."". ""n ot>taloec1 t ..... •cur ot
pro.,.o ,oed q,,&llt)'. Tbe 01>lJ' YI01'Utllel purPCHl)' latrc<l".ed 1..""
the upu~at we... tboI <Iel.terloua ..terl11b tbooaMlve•. SID.. tbo
npert.eDt <I..~ tor eberta 1a tbe tl'Hu-tl>..- at"" <Iittued rr-
til•• tor .bale•• tM t\IC .... pre....t.eo1 npa.rat_l)'.
A.. "p'r~t&l Ollt.l1Dit v .. aet "J' 1J> viole!' u...- YlO1'l..la. _ ...
1Irtrc<l_ 111...... prc<I""'t1Ol> or be_ oc.....lIlu. <:bOn vlt.l1. &ll
otber _t....Uad t..,Wn ..-~ oce.t...t. ThI u.... YlO1'lable. _ ... ,
(_) 8cur<:. it~. ..-terllo.l t u.h ot tboI oil toureu ot
cban t.- ~bcout tboI lte"" ct IM1 v" uooad.







































































































































































































































































































































































































































































































































































































































































































































• .. 'xp-r,lM..tfl ""U1ne .... r.......l.t." 10 ..h1ch """ urlfbl..
...... l ..tl"04\ICed. i ..to <l.ul&D ..f tbI """" tA be.. c....UI.nl:\i .1IalA'
..1t1l ill _troU'" fac:t.Dn .....111l.i.Dt. "" tNlt. 'rill. _rlMot&1
<l.u1p <l.1N'.red. fro. tIlat of tIlII cbert ttud.7 in t/1.tt DO tp«lt1c
Ir_1t7 ..!*'".u......f u.. IOl>&la _t. It ......t liP w.....~
cro._ d ...ltlc.uo... T!>II two lfbl.. 1n U>e 4f.1gD ,
(a) So....."" 2!~' lI.tAtr1fl fn:- elOeb at tbf lOUr ...
hlo:ot." .. lt1l tI>e er\l&bed. ....... ""..... ~.tAt I.n <l.llfe""nt be .
(h) Per,,"nt'fj! 2! .IlUl. Sllfl. fro. ..ell at tbe oouree.....
cn.b11*1 w1th tbf ......II.lled .to... ""..... flireg.te In IlltDil. of _, to..... ,
.a, &DIl tAtn per ""nt•
• • t_1Or11 .l.x " .. cle.~ WllJlc cn.abed ll..ttooe ......... &tI-
l"g't.<I ( ......."" 67-28 for tbI fbUl bot." .......". ,,..:;>g f"r tM cIlCrt
bot_), f1lM ","""cat. fn:- lOUr'" 79-111, ..." TTl» 1 porU-...l. _nt
(~r.t.oI')l' 10. }l'). n.. .l.x ..... <l.U~ ..101 Uw G..ldbec' _
GrQ ..u1o. (1" at tile bib.. _tIlocl. TboI -.l.x <1."1&0 .... beld. ""n-
net f .. r ill be.. _e ex...pt tIl.t • ...,.l.Drg -U perQfllt&(!:.. Dt
c:Iltrt or ""flt ........lIbttltuted. for put Dt tile eru._ It.-.to...
co..... loIIAf:.tA 1.Il ill bllt a f..., ""otrol 1><0-. tAtr __nt ut10
..f 0.106 b7 "'1sbt .... ....,. tor ill bot_. ~ t.<Ir_1Ot UUO
1'""1""'" ••1.lr. ..UIl c_ vortabU1c7 _ a .:u,.p of aboo>t. tIlrooe 1aCbI••
"
n.. ee_1It t!OCto....... kepi; COlWtNlt ,t d,>l blrf:e .,.r "ublc y...4. D.....
..... _ to elltrel0 OIPp.-t...t.IIl.1 to..... per "ellt or at.. 111 ..",II "'etell.
Air _"U ...... d.t.c..~ P"...~nleal1¥ ... UIe tr.oll """,,,",te,
"'lac" 0.1 cubic' root ........ tor tbI u ""!&he u.u.
III ••1.1 -0... t"" OOIU"H e&lI"'&ne v _ III ''1m _WIt,
or tbI " to }/8-. ,/8 \0 1/2-, 1/2 to '/~·. _ '/~ to 1-1actI .1....
Cl>oIn or .be.l<r v.. eullet1t"WG tor \l>e ,/8 to 1/2-, 1/2 to '/~·. _
,r- to 1'111<:1> cl'\lat.4 ,to,. 1" tvo, tour, elx, _ U" per ... Ilt bllt..:le
1.a aU but .. r ... ao..~l t>c_ I.D ..bleb u.. eou_ "6&"'lne eoaalet.l
cd 100 por ,,", ..t e",ebe<t U.._. III U>o be__ """".Ill1.Els u.. 4d,,·
uri"". ut.<ItrUh, Ill> 4d"'t<orl_ ••t.erla11 I.. till I~ to ,/8-1""11
,1S<I raz"p ....,.Ut"Wd. !<Ir u.. ,,~ IlM_ t>ec_ .. FA"
.. lou, -1.>ol¥ bJ' t 1'9} _ .-.. lbat del.wrlO.... p&M.1e1.. _,11Il1
" ,/8.1ncb _"reeD be.. little .ttect Oil tbe t .....-tb.. 4uroll11lty or
ClODC:ftte. lit toLllllll. tlr.1lt. cl>trt I~ to ,j8-tI>dI 1JI el..........1<edl.1 .or.
....In..,,. 1.0 r.-u-t.bw cl.ltu.rlO.-.U... thu ..t.oorlU ~.r tbooD U.
,j8-1DCb II..... _. &Uo foutlll. u.et udet111'" I.q elu be_..
,/8 1...11 NIl 1 !Dell 414 IlI>t eppreehb1;J U't'ect t.bit dw-olltllt1 or eoa·
c:rttc ""'llteJ.DtD;s u.._ ..tcrlab. -.ltbollsb -u. bot .a:;pec~, u....
w d1&bt tcl>1."", tor tlIe lus-r pie wltblJo tb1f r.... ttl bot
the t 4..t.ruI:UYOt •
•• _1_t;r _U",*-, • .,11 '000..... "at<:__ a1>NocI .._
r_t;r ttl _u..o U. OOlT*:t poorce""..- of dal.et.erl__UrIW 1ll
....11 '000.. ftlIo,/8 to 1/2- _ 1/2 to '/~·l.IIell trac:Uo.. or tile
.s.Wuriou ..urlab .... -.". to tbA~ et.c.. ........ fII&7'eC-
4"'lJ:liI UIIt "_1.. __.... __.. _ 1.11 .11:10 u.o otller _rl.&a
68
d.....lq I.l>O' &ull1& OperntOll to COlI"" r_.- pU.ceMDt. III ~ COoK
or u.. )/. 1.0 l-11ICll doIl.toe..!.",.. ....rt&1. 0<11)' _ pl..... or eMr!
or ~. "N PMreJ.l¥ __ PO" boI_ tor u.. tV<I per "..,t ~l.l..",.
_ t1" \0 ..... ptKOlI tor tlle \<00 p..- .,...1 bUM.; u.o... ro It .....
..,1.404 .aot 1.0 "'11' 0<1 r_coo _tU_1<ls ot u.._ p1«O'.. l tcod
U>O ". 1.0 l-Ucll pie"... or ~n _nt ""I ~_ to u.. nix WltU
-f.... r Pl>'U'1.aII U. rlrn of U .. _ Ill\l"lln Ino u. be • .wu. ~..
p~....... UIola ....,..u;, .,..,.., \..a. .. row <SOlID tboI ....Ilwr or ._ J:>o, _
_ ... u..,. eaul4 "" ~cte4 to uen t..bo ,,~t dt-.:t l.A "-"'Uls
dMp-...1:oM. t.u .
m u.. CO ~.te " ..,UIOO aaturaU<l ba'ore 1l1x1Qf;.
fttl. " .. ~11~ b7 __ or &lood. ,,_r oo...."te4 \>7
1J:ld1YtdU&l ...u..... to (a) t.er. (b) .. COll'&'''''' or ..ater free
or air blll>bb•• ..." tel ..,....,. _p of tile ...t.er-,jet ..,,!.raw..
type. Dr)' co..... "&InS"toe va. plac:e4 1.D 1M ell_r _ .n"....U<I
al .. p.......... of &ppr<o"t..tlll.J' 2., OIl. or _N:\U7 tor .. p...1Od of
0'" bo..... "'1 tbe ellll. or thh period, ..ater rr... of air lIllbblA.....
• Itt.d to tbe ,,_.... ttl>. !.be T&euI.a "Uil ..1Jlltot_. TM 0Ig_
-...sa...... coY.nod .. itt> ..M _ len. Ia ~..- CO...uUOII tor
2) boou-.. no. t1.. "llSl"'&ne DO'\. " t ....llt.ell.. but .... _txed
"lUI. • ......,p ....... too till aU~__ete4 po.... _ left 1.11. \hit
coldltu. to.. ~ __ ""r"..., .u11lS'
M.1.l<1aC " .. K""'"Pu.- b7 __ t4 • .odU11d 50"", t_
au... ,,1\h lJ'l-e,*,1c-r""", ...,.,,1t1' !'boo _ ...~ .....:a- UItO
,.. "1 ,. "1 16-lIla; __• _ \hit.. .. __ ..,. ~..d ... 14
u.. ..- tOO' 1, dQ. rou-1aC .......&1 at u.. .lIK_ t.-- \hit
-.. - dQ ...... "_1aC.
"
e-fCriptlOO of Te'h ~ Conerew !Iptet.t>,
'fbi lubJeetloo of bc_ ....m.al.lIl.D& -U pontot•• or c:b&rtt
_ oh&1.o'l to er.1.. ot tree.1llC _ tll..l.olI v.. t/lOI .011. 1Jop;>.-t...t
part of the lotlre 10vutlgltloo. AU fr,-,,·th" Wlt1ll6 "" 40"'"
oa ""....... te bc_ ....t.o1AiDg tlloI_ <lIater101>1 ..teri~; ..
Itte.p""" ........flt1Aecl eberu _ ohIlII. "bI freeu·tll.. Wit ..
eoo4"""d lCeordl.oll to the AlIl'M Met_ of h.t t"Or R.d.tlOel fit
Co"'NtoI Spt.l.I... to R.p1.d ,.,....110& 10 Alr W Thwl.oll In w."r,
Amt D"!4.Datloa: 1:291·'7'1' (1), TtI1. 1•• _thad ..-m17 wood 1.0
reeeot .....ueb of tll1. typt. 'fbi trM.1AI;·_·tllwu. .P tut
.....1.""" of ......toaIt1e·.,.elllll1 tr....·th.....hirol prod. by
the Cl.:T1.r D1vllloo of 10M 1I111teod Cl.I;y Prod"",", C~. w.thiosto.o.
D. C. Ttlu _iroI ..... optn_ .1. II e.pt.elt)' or IUt, ,. h, Jo_ I>:r
16·1Deh .-....w be_ ~IC'IIII. 00 .lII1, 1'l>e.,.ela UlllItll ..-l thNI
_ O... ·halt bour•. D\lr1Al; t.I>I f ....~1<llI ph... of U1c ere10 111 b1eb
tlloI bI_ '~1Id br 'u, 1.1>1 ~pent"""' It t" ellO"n of
IIll bc_ l1li 1"1<1........ rn. loG· ~ ,.,. to o· !: ,·P. 1.0 t¥o bour'II _
lo, .1J:oJt.III,
roll>d.ll4 br ...IIUr .1. II ~ptnt"""' of JoO· • ,.,., u.. lAaperu,,"", ~
I.bI ..ntolrl of ..u. boiI_ ..... rll1l1Od f .... O· ~ ,·r. to JoO· ~ ,·r. 1.0
:10 a1Alltol.. 'fbi .....1AlDs l' aiauUl. tJIt thII qd.e ,," 1"IIqu.11"1<1. for
4I'J,1JI1a& I.bI tll_ ,,"Ur tr- thII ,..... u.. 1._. "-ptrllt""",,
v1Ul10 I.bI he_ .......1>1._ by ot 'plClIJ. eOatoNl bI_
ba¥1.oI tllIIra1llton 0'111: ."... U thII1r .,.oUn.
'"
,0 p"" CtIat ..daU... er-Ic _Ill.... of d ..Ueltl e,,; .100 clclea of
t .....11lll! -..0 tb_l.<r@; ...btcbe..... occurred t1r.t.
Dew..I_t1ao at 1W1nt... DJ_tc Ma<lu.l..... ot
U ..t1cltr ot Eacl> Spa,C1.lllOIl
Lacl&lt".l1J1al.. and Toul""rJ. r ....q""aclu at COlICrew Spec1.lllO"., Asnt
De.tc....Uao: C21,-)flr (1). 'fbI. _tbocl of tnt h I~ ,..~I1;r
to.. dawcUng .tcaUlc""t eb&qg" i.n U1. <l;fl>.tc _Ill.... ot el..ue1t,
of lM>or.""'l' ..... tloolll wat .l"K~'" t.lr.at ..... "-rsol.<r@; ."""...... ""
....tbarII1S or .wU "WriOratUl& Inrl""oce•.
A relau... <I;f lc _Ill.... of "laatlcltr, ..bId> I. du--ctlJo
...1&",,- "" tb4t .tre,.Ur. at t.Ir.a .pectael>, .... cakll.1a",,- to...acll or
tb& r""""'_ntal tr.....veu. treq,"""C7 r..dlng. bl _&rl& or tbe tollovl.ng
"'I...t1c>o r .... A8nt Dtdp&1.I... : C 291·,n, 'hlltau... *Ur.od or Teat
ror R..ht....,., or COCI .... t.a Speclae.,. "" RapId .......11."l5 In Atr _
n...t.ac 1.A lI.wr (1):
'. .~o
c~~. at tl"M1t.ac ""'" tb_1aI,
I> • tw>:t_tal.~....... t'T&q\lIIllCr .t 0 C)"C'l.&. or
,.,....iIliI _ U1_tng, ...
"l· tUllll._IIt.&l tr&ll..-ra,e t ..que""7 &fUr e e,.elu
tTeul.D« &Ild U."l'lll_
U"lllll u.. d,," obt..l_ t tile t'ree~..-th... U"tl.llll, ............
....... pl.otuod tor eeeb group or be 1..t11l111 rel..U ... """.Ie _uU
at d ....UeJt,. \0 e,elu Ill: tr-J'11lS _ u....1.IlIII.
" 4urIObU1t,. teetor ..... <l.eUnotn.!. tor ell be. '"<:QOrd1:lg \0
\lie ,lBI'Jt MlOtbod ot Te.~ tor Re.le.......,.. ot COao: te 15<0_ to Rapid
"Teulll111 111 Air &1>:1 n..wln,;: 10 V..ter. ~ D...~t101l: C 291-)1l' Il).
tbe 4'.....bUJt,. t&c:\Or ..... elt1cul.. teII ... toll"".:
".
DI". dureblUty teetor ot the ".t be_.
per """t,
~ • w.ber ot eyelu .t vlI1cb P .....ebe. the ..peeU'led
.l..~ vlL1"" tor dl.eo1lt1oul.llll the te"t (..l ..tl...
I. ,0 prr <'en), or Ule .peeU'led o_r ot
eyele. at ..bleb e~po....... le \0 be "nol...ted
It • ..peeU'led. _r ot C)'cl.. (.'00) at vbl" Ule
0 ........ le \0 be " ... lAe!.ed.
·pp.llubl. l.O 4&unalDe t.be .1&Alt1~""" or I.I>e erte.t. or t.be nrlOlble.
oa the du,,..bHllr or \be eoac:retc.
Dw-u. ll>t r~u-t.b. teell.JlS ~_...._r or P>I'O"U
oeeurNcl Od u.. .....rece. or or both I.I>e ebert &111 eb&l. be...
IIIlllle d tll6 thol r ...u-thar tUllllS, till. "N rurtbb- elud1ecl. Dur1"6
tile rr u-t.b.... toe.lllll\ prosr......1&,,&.1 Ob.......l1... or &.Q1' DO" p>p>uU
lbe 4&l.terl_ p.rl1~le. ~_l.JlS tbe POPOUU, _r or p<>pouu, &111
_ ... or "'rd... at wl>t"'h t.be popouu oe"'urred. "w de<reloped &111 "'&II
































































































































































































































































































































































































































































































~oot.1ll1J:ll tM ._ -.u>t. Of tboo •__terl~. Ill .....ffort
to dltU...1..IlIt the 0 tor tlli. llOteble 4ttt.......,. 1114urebll1t"
• _"'*'l.ueot .tudy __ or u.o cberKtoer or U. .1.- ...14. 1ll
_ ..el or tho be.. 1.1 or u.e l1Iaeer tnnr.. te~lmlque 0\lt1lDe¢
by,.. .... (12). It telt tll.t • C parlllOlI or .Ir bubble .In e.IIIl.
CJ*;1JlII; ror tboo bea4_l.#d _ ...,bl u.4 coocretc. _1&ht prcI'I'l4e
.l_...t11r7 proor or tllol tlloto....t1~el pt doe..loped 1.7 Poot.... ('0).
Pown tbeofl~e4 tl>et the IlICre III 4 .....eb1l1t}' .trllrde4 <:OlI'
c ...toe 1.7 ..... or .Ir ..,t...~t I. l..vplJ' • tuDotlOD or the .,..,1IIs
.Ir vol4...ltlI 1Il.8l> .pe~ttlc I .....h.~c , ea4 tb"" .. ItI> aIII¥ ....u
you••pCoIII dOlI. toptlllr, 1IOIIl4 r..,.l pro~UOll t ..... tbo
.Ir "",14. tlI.... _ .. lUI. 1_ .,.cttl~ 1IIlrt..,. ..... ea4 .. ltlI. tlI.e YOI4•
• pec04 rel.tl..17 rer .port.
till .1..• ...14 1t1ll1¥ .... c:oll4... te4 '07 ...1 or the 11..... tr ....r ..
t<o_lq.... (121. POr tlIl. 1t\lllJ' ,.1.-1 or be.. CCOtl1al..o:lf; ~. wre
"boo... III ..l>lcb tbo ~"IIC... tc 1:1 both M" bid _ll _. r ..... Idlotlcel
blaD1.l, but ........ _ ..1Ho4 _ tIMI other ......~II1Jle..ha4. 10
ell _I the _ ..u.4 00Der'Ct.I _ ....ultAld 1<1 l.owIr "'.......111t)l'
r ...ton tb... tbI ...,bl....1Joe4 c:orw:retc. B)'.'" Of the I1Jle...
tr..er.. tcohllique, the tote.l per"llt161 ot ""tr.~ _ .otnppe4
e1J' .. _11 .. tboo _H••pK1JlII; .... dlte...u.cl tor .ach be.. Aa
.....-.... b7 ...~,. 200-1_ tn_r.., .,.,...1d.1J:II or 20~
.,....,. 10-10011 ptItl1.. ror ....11 be...... I'W> 011 po1Ul11d ourh.... or
_ el ~ _ MM. Vilas tho nJ.uel obtoo1l*l ror t.otcJ.
pI.- lit .tr __14. plr 1Acb ot tr........, It ........Ibla to
C~" ....cirlc .urr_ ....... _Y014 .I*=i.<ol; t..,_. tor the
bel .... ,""cOn1lq to th...Ibai 4,.....loped. bJ foII.u (\0). 'I'M .pecitlc
••
a • •pecitlc .urr_ ...... or 't014. i .. ..:j.1D./C\l.I....
II .. Y014. pe~ 1_ or U.YerM,
1'bII Y01.4 .1*='-"6 f-et,or....... _P\l""- .. foll.o>1.:
c. .PMi:Ill f-etor 111 1A<:M.,
" . ~tldtWl ~ 1.I>cbe. of b,ypotMtiCal. ","" • l• ,
• • rtldt"" ~ ....... ~ •JIbe ... of 1Af1........•
• ~'(P:A)l/)
,. PM" eolltADt per IIA1t Y01.- of au,
". b,ypotl1lttical.....-~or YOid. pe~ Cllbtc !nell
,.;
• ".
...... ~t. to be ...u p-ot.e"'Ud r..- t.-d.lllJ _ lJ:l..l..lIlJ <kt.erlo:...•
1.1... ; Ulo.. vlt.ll .pocl..lllJ r..,\OI'. gre.tAr \1>., 0.01 _. were t.bclu6bt.
t.o be poor),r protAeUd.
Tbh .t.1Jd,y ..... eollll.lleUd "" u.,..n pool... nr oll&l.e be_ to UteaIIt
to e1."'tA~ • ~uo" N1U_lp betveen t.I>e .1 1cI. ...... l..Qc
r.et.o.. or .u....at...1DecI. eo......tA .....uJA1IlC <let-tA.. l frI&N,.tA•
.. tJle e1."...blllty or U11. "'....,n1oe. It .... 1DtA__ • ~..to"
"'bed< or ""'.... ' tllotor'e1.1eal ",boice or 0.01 1DdIa..... crlUcal val...




























































































































































































































































































































































































































































































l'er",~~.. ot Cl>eH s-plU l.a lu.ll SpecU'le Cr...tty R_u
(Saturated Surr...-DI')' 1l••le' .. !lRwnoll>Cd by 110o&"7 Llqul<1 $epar.tI....
"'"(Decuur)
"".(Ilth....q
• llet ••paral.., at 2.» 1,"",,1


































































































































































































































































































"n:e..~•• at llbille SMpal 111 Bu.1ll Spocltl" lln.,1ty 1l_.1
(h~.....\44 8ILrt.....Ilr7 I ..l.o) .. Do"'<w~ "" lie...,. Ll'l....W 5eparIU_
Stu IIIoIlS"'
S...pt. (1""'11..) PoorceDl.$* I.. _ S.."ltlc Or_Hy 1191._, 2.'}'} 2.~'}- 2. }:i- 2.2:1- 2.1'}_ 2.0:1- '.",
,,~ 2.'}' 2.~, 2." 2·22 2.1' .,-
>06, )/,_1 ,., 7.7 "., ".' 1).2 I'} •• ,.,(oec.t.... ) 1/2-}1' ,.• ,., ".' "., 1).6 ,.• ..,}f8-I/2 ,.• ••• 21.6 '0.' "-' ~ ~
A~ro,g. ,., '.6 21.9 ".' I}.' ••• ,.'
"'" }!.-I ,., ,., L6 7.' 2}.0 ".7 >,.'f..,.,..> 1/2-}/' ,., ,., 0.0 ,.' "., '1.0 n'
}f8-1/2 2:..2 2:..2 !..:! :Ll "'-' >U lU
A..roC. ,., ,., M 7.' ".' ".' ,"-'",. }!.·1 ,., ,., 0.0 ,., "., .}.2 ,.,
f~u 1!2-}!1o ,., ,., '.' 0.7 "., ".' '.7La Porte) }f8-1!2 2:..2 ,., ,., &2- "" '6., '"A..r_ ,., ,., '., 0., ".' ".7 ,.•,." }!.·1 L' .., ".7 ".7 210.6 ,.' '.,
(IlO(\l_PDlh) 1!2-}!' '.' >.7 >6.' .,.2 1'}.1 6., '.,'/8-1/2 II ,.. " .. ~ ~ ..w k2
A"",rap' .., '., >6. , 101.6 19.' ,., M
"" '!'-1 ,., •., ,., ,M 16.'} 11.1 ,.,(So...tb SI""') I!2·}!' ,., ,., ,., '.7 68., 26.0 ,.,
























































































































































































































































































































































































~~.1_ l>1 ...... r .... 1.Dc \bo.. UINe ...l...... Tbe • ..., per""nUtt. ob-
Uined. In \CIIll v&'¥ ......1 an .qu&.l _~ or "'~.I'l&.l l.J> .&cl> .a.
re.ng. ee vae \bo cae. vben \bo elllrt.e and .~e.hl ....... need In COll-
e....1.e be... r.... r....u·u..eo. .~UIIJ.
sua. Ipee111e "'.1'lty v&.l............ dll.e..-llll!ld. tor the ebert _
ehea ~. pr~llJ' tor ..... l.n ee.leul&t1.Dc Ule tote.l pol"O.IUu
or tbI.. _wrl&4. In IIddluon.bulk .peettle V ...IUeo oa ..tur.",,-
.urf..... -d.r1 beell v.... d.te..l"""- '" • eh.ek 01> tlMl 1'uno. obtllll1d
101 be...,.·Uqu14 IIjlarlt.101>.
~ bua. .plettle 1S1'...1lJ' v&.luel _ ... ~~.~ ... tllill I _ttlel'
UOIl of A8TIl Do.1I5""'uOIl: Cl27.Io2, St_ard Iletbod or Ten tor Spe'
eUle Grl1'lty and Ab.orpHon or C Aai"',It.e (I).'"" ~~. ellert.,
.-p1.e. "" t.e11:old t,.". tbe 2." pI , 2.•,-2.::;::;, and 2 .•, .1D.>o bulk
.peetrte V 1lJ' 1''''" {..~urlted t..,.-417 bael.} or eberU 2061
and 2Cfr1. '!'be....-plll bid been ~t.I1_ 101 be...,.·l1qu1d "p&rIHOJI.
J'or Ule Ille.l.., tlloI I ..pl.el tilted tor • ..,1> lOW"'" "".... fl'o;. • buLk
.PlCU'le UIYtl1 re.ng. ("~",,,"t&d. .url_-417 10.11.) vert do.. to
u. .'f'U&I!. Ipee1.tle ",avay for till 01'11510&1. laple rr- ._ -..."'"
Obt.1ned 101 1II...,.·llquld IIjlar.t1on.
TI>e 1rAl.ll .pec1.tte gl'.vity 1'e.lu.. tor tile ebel'lI c1It& lDed by
1.b.1& ..t.ho<l. '-n l.J> febl. ,. _ for the &iIale l.J> f&loll 6.
'!\ro t.eIU run 011 ..ell oeapl., and 1.. e.ll CUll ~be _ 1'eh>ol
ebee!<-.:l d_IJ. 'r.ae averag. yal... for • ..,10 .-.pl. 11 .-.. to tI....
~ebl...
B>l1.k Sl"'<'lf1e C; 1t,. "'J.... ror CilerU, 011.'.1_ 1>1 • _1tl.,.u....
or ASnl D"1& \1"", Cl21~. $tud...s *tl>od. CIt !'On tor
S!",dtlc Grntt, _ ...."eorptioo or Cow.. ~1.U.
Speeltlo Gnvlty Sulk Spee1!le
IIN1g" (by II.."Y· lhuk SpetUto Guvlt,. I ..turned.
-~ 1101."1.d. ..par.UO«» lOr.v1tl nrr"'O'"1lrJ !>ub)
"'"(lien W."..u.. ) 2." 1'1"" ..,. '.>8
2.~,·~ 2.~" ..,,,
2 .'" 1I1D'" ,. '" 2.U
'""(011.10 KI....r) 2."~ '.l6 '.>8
2.1<)-2." 2.\1 '.>,
2.'" .u.... 2.}1 2.U
,
Jill Spee1fle Graylty Val,,"1 tor Shl.1eo, O!>UIDOOd by a _1flcIUoa
at JoSnI DU1aJ>ooUOCl: Cl21-1I2. StNldud Motbod or Telt tar
Spac1fle G..... ity ...." Ab_pt101l at C........ 'cuq.tI'.
Spec1flc G...yity Bill Specific
/I""S'O (by bolY)'- lull< Spo<:1fic G...yUy (..t ......!.1'4
-~ 11\1,\114 _pv.t101l) G.....Uy 1JIl1'1'_-d.lT bull)
"',
(Ilaca"... ) 2.,o-2.~ ,.,. '."
'''''(...,..,....) 2.1,-2.1' '.06 ..,B
"""( ..... La Po.. ta) 2.11-2.19 '.00 ,.~
"'"{ ltrd.1_pal1.1 2.29-2.~ 2.2~ ,."







































































































































































































































































































































































































































































































Tr... SjlII.1tl. Guv1t:r val... tor C'hI'rt S"'ple.
Spo<:1tl. Gr..-lt)' GnJIlII
(bv """",·l1tu.L:l. "WaU... )










!'rIoI '!'ReUle C.....tt,. ,It.1.uIIt. r... 1tw.,1.. S~le.
-~ In!! Sf:!eUte ()ruUz
,,," (o-c.tur) ,.j8
''''' (Se,-..rl , .J9... ("" .... to. Porte) '.>8
"" (Illd.l....polh) 2.~~
"'" (South 8ellll) 2.'1
TUlle 9
Total foro.lll.. or CI>ort S~.
Gn..l~y G~O\l~ ,\,"
(by bU"Y
-~ ll'l.ulll - "- '. Por<lll1~y ...( ..pa>-Utoa.) SI'.G~. Sp.G~. (pu OIU)
,,"7 2.0:;" ,." '.6> 0.970 ,.,
(w.~ L&t~~~)
2 .•,-0>.'5' ,.~ '.6> 0.92· 7.'
2 .•:5 .l.... ,." '.6> 0.871 U.,
"'" ,.". ,." '.6> '.970(CI>1co 11...d 2 .•0:;-0>.'5' 2 .•1 '.6> 0.9~




• co. (1 • ." l='.
'1'0.1>1,., 10
~ta1 ror-a.ttl.. <1t Slla1.t s-pa•
.~ - 0"."'~~ S~oU'le 8peeltle f'orc.l t:r, n
Gn.. lt:r Grnlt7 " (~r ••lIt)
"',(o.••tur) 2.28 ,." 0.'" ,.,
""(h:r-rJ >.0' ,.>) 0."" 1,.8....
( ........ Pllrt41) '.00 '.>8 0.71' ".,
"'"(I..u_flQU.) ,.,. ...~) O.91~ •.,
'a"(S<>utb Bftlld.) '.08 2.~7 0.'" 1).8
• Q • {I - i\ )100
"
SLoe-6hdi.. ot _ ..
!he p1rceJ>1.'"I;e ot tote.!. Y01.... e_letl..D& of Y01<I. leu tb.. ,
al~ 1G ,U_ter (atc..-o1<l.) vae eale\llet«1 by ~tr"'UIll& tho per-
ceot.'"l;e of tote.!. yol_ ot Y01<I. srUter tbao , .Ic~ 111 41_te...
obt.~ b7 .1~cople .tu<iJ' of pol1.- ...cUD.... f .... !.be total
poroa1t7 of the ple. 1lIe pen:""tr,pe Of Y014. len tbeo , alcron.
111 41_Ulr e ..... t«1 ill. 'reba u tor the thrM .p"c1flc V ...1t7
....oupoo ot cMrt pln 2067 and 2l117. 'rb1e teb1e aleo ._. the ..,,_
eul"" oL u.e .1~eopl" 11:Mar tr roe ._le. shell .. po.n:elltas..
lit total YOl.... eoo.e1etl.llll Of .... 14 e.ter tbM , -.lorene ill. 41_ter.
10 11Mar treft ..oe .t""'le. _rc 010 tile ebeoJ.e. t>ec:auoe u..,. ..,\ll4
III>t be pol1ebed ....ll eoough to 41• .,. .... u.. ...u ....14e. " __1'1e 4et.
_t for tbe l.1IIeu treyeroe .tl.11.. Ie loe1ll4e<1 10 Tebl" ):I 10 .r
pem1>< C.
For tile .....,_·••t ......t«1 eb.:rrptlOIO "".u tile dry ~.te.
wen ""lIet«1 tor ..... _ 1<> • oeoJ.e4 Cb_... ~.. 0e4 vbla .'1.111
111 tile t«1 .tate. _ aft 111 eo ~r0e4 ootlll1tl"", tor 2, bour•.
!be rc.ulh of Uleoe te.t. 011 ,~ obert ...pl.. (tllree .peo1fl0 srnlt,.
II"""'jlOI t'rI::oo .e.ob. of Ulree .Lte r_. for .1>< cl>art -....a.) are .-
111 Teblo 12. orable l' _oellt. tbe V""I1.._••t ......te\t eb ...rptloo nJ.....
tor l' abaJ.. _pia. (t.braa .1eo raII&". tor eadl of t.be tift~
.<l'.1r'ce.) .

























I & •§"~ .:a • "8••
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T.tIle 1.2
V...--a..,=._ Ab~I" y-.1..... toe CbeTt a_1..
I.t.....ttla Surt.... • SIn /lb• .,..pt.l""
Dry Bulk SpMltlc '... ( poor .,."t)...,. C:r... l\J' C:I"<lUI' ( 111_.)

























Dr)' Buli Spacltic 51~. Rq.. Ab.Oi'5ItI Ol>
GT.vlty Gl'1IU5I ( 1A<:llu) (paT ".."t)






2.~5 .1..... '/"_1 ,.~
1/2-'/" ,.",,8_1/2 '.il
.~. 6.20
,""' 2." 1'1... ,/"-1 ,.'"











,..,.....~......t.M .lI:>....-pl.lo11 ,-.1... for Chert S~a.
S.~......1.e1 8 ....r..,.-
Dry Ilua B~e1fl. Siu IINlg' AbltOrpUOIl
Sourc. G.nUT (1"""..) (per .. eat. )
"'" 2.» 1'1... ,/.-1 Lm(Ge,port) 1/2-}/'" >.U,/8-1{2 1.11
AV8·r:ar
2."')-Z.» ''''-1 '."1/2-" ... '.80
'/8-1/2
~Avg••




>an 2." Ill.... ,'''.1 L'"
(Ohio IIh..r) Ij2-,," •."
}/6-1/2 HiAvg.L.O
2,")-2." '/"'1 '.>,1/2,,,. '."'/8-1/2 +.t!A>'g.2.
2 ••' a1:I>u& ""-I '.171/2"", ....
,/6-1/2 n1""_ . 9
S1u RatI&. "~.....pUoc







"" }i'.l 12.8,C.-ar La Po,""' 1/2-'1' 12.2',/8-1/2 12.~
",,&.12.




(llwt.h &eDd.) 1{2-,1' •.",/8_1/2 HI"'vi' .U
"
'hill. 110 _..,Ole the new...·..t ......ted t_-<1ry "eorplloo
...ol.... tor II ....." ebert pebblee tUft! t,.". <1 1' ..eted .,.. t.o 111 tie..
...". fro. ,,&<:11 ot tile chert .........,... hcll " r!'lloo voJ. r"p... ..,ot•
• \eet Oil the _ I'lec.. of ••1.Il&1e j»1Ib1e vb.1cl> .!'PC_ to be \be
......el t ... tor 10 llw to..-tloo ot • d..p..•••ted. cr&<:k. 1_ ot tile..
pellb),.,1 belonged to lIIe 2.10, ..in.....t ..... lted. l .....tece-<1ry lIill .""c11"lc
p-."Il,. &1'0"1'.
'ft>e ,....ulte of lIIe ret. ot "lOrplioa te.te oa tlloo lIIne 1II"...lt1
grOUpe tr.. cllcrt 1Ml'!" 2061 ...." 2071 w~lch were IIlbJecWd to ..,.t ot
the u.te ot _Ic ~peMl...... pr.....ted p-.....,lceU;t OIl • ~.
1.os...1t'-lc plot ot tiM "ere".. per ""nt "_!'lIon 111 ftc....... 7. 'r!>e
_ tfil'O W....-lIOD h -... tor the ti... ol>ele ••pl,.,. 10 flc""' 6.
Tbt..._1.. I ....ludoo<l .1c...."",lc ,",,~1I... ot lblo _u.....
_ ~·r.,. ...." <IJ.tte,... .. UeJ. lIIeraeJ. &l>el.1'" to <I.te.-1Ile lbe .1lIerlll
~IU.... _ t.ulW'1ll _ .t«'Oatr'uct....-J. ,..t..... v11lcb ~t
tGtl....... the t.-Ut-u..> <I......UIU.. of u.. <:bull _ ehale••
Pctro&r.pblc &l>el.1.11 of t~1a ,..,lIon. el>c>vol<l lbe cberll to be ..t
....raur .taU .ll>er~lee1 dl......ur. !'/lol, ....~pr~l1J'
ot .tc...."..,.ltalll 'l.......u &<III rldlel elle.l".."olQ'. SIIell _to. ..t
cov..r'V.1lIeol oeeolld....,. 'I.~....... coJ.c:lt.e. _ 1~1\e ...." c... -
bo...u _ ..... elao _ ....t. oc. dl1et .1Ilere.l.C&lce! <l11"t.......-




•.. :u~ , 0 ~ • 0 ~ 0• • • •ti '6 ~ • • • • • • • •
! h.1
: l:i:.
.1 .:".• 0•• l;.!,. ..•• "11•• " • II! • " • • •8:: 06 m 0,~ 0 •• , , 0 • • , • •'. • •·,-• • .111 .-••
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'"• 0 • • • 0 ~NOlld~OS9Y .un:l ,,.
''''
2012. NI4 2077) &...rall.¥ """'talll 1...g... perceot"S'. or laoll.lw NI4
u->aJ,te .._. I.lulII.~ rr- \be lIOrU>tra part or t.lMI Ita'" (_Fto
206). 206lI, NI4 2061). TIll. I' ..peel~ true t .... ...pr. 2077 vhld>
II t7l'1.,..1. at t.bt b Cltllo 'll..... ebert.. All !..opor1.NIt .1"...,luueturu
• ".1","", lo l-.pa, t eJ.l a1:l: -..-.... Ie the _ ........... 14. ob~
lo tllill eUou tr<a ..!.erial III the 2.~:> al"". ,petalc Una:!,
rq 'tOl.U ...no DOte 1.11 the 2 .•)-2." ...." U>t 2." pl....._ ••
!'be 1<1 all r.lrlJr IN"!e, ,1z>ce 'O'Olde au tball ~'""t }O .Ie...,...
lo <Ii_toe.. e_ be dewet.! ....u;, 11> UlllI-.eUOIl .-,.. !'be)'
.._eo 10 eln "p W 0.10-0.) •. 1041_....., "'"t .,,1 ...... au thaD
0.1 _. 10 41_",... It _. obVIOU& tile! the $I"'''''''' or tbOt..
....14. 1N"p1J' ...,.,OI>lIU tor U>t lCN' bill epecU'le u-nt7 of ~t lo
UlI& r_a.
ben or U>t d><Irta .,....t.u p:ra.:-Iq or &1c.roc:r,..,tlllliDlo ..... -
I&toea Dr iuart~ &...1....ue.ll7 leu Ulaa 0.01 •. lo dl_U... ~...,.
Q\&&M.& occur.... IrllDoU&:" ........ "bleb .pp&relltq "'$11...-.:1 C&I'boll&1AI
daRr~. ". 1td1..14u&l .-rt& P'&1Aa III u.e... .-collll....,. "'He
r_, 11> ,In r .... 1... tlo... 0.01 •• W " lull' .. 0.2.. llodleU.os
c:bal","""oll1 14 t.bI <:bert .~le. oe......1 .. ~......HU'. ofWll .. :oueb
.. O.?) •• v!.de.
The cerbo"ne .ad 11.,,,t\.ll r_be rqe 1" e1u t .... leoe UllOA
0.01 _. "" .. -..:II .. 0.1 _. Altbool9> _~ or ~be _e colletetell.
or cer\>ollet.e ~ l1*mtte, _ eppe..-.d to _ e ~raae.1.u~~ cerbooete
el..Dlorli1 11> t.be "",,~er .url'OUllll.ec1 bl • rw or opaq... 1~1te. The
c_t.e ..-. ~.l.T t..- b]' reph lit or ~"J! t ... quvts
lD U. o:rlelD&l chert (681, Nld 11> turll til... rl1oeb..... be1"6 repllOCel.
b,. 1~U... _ or Ul.- ",,14. oc".... rl..r:J6 lA tba 2.~, at_ .peclt1"
, ......11.,. _n UIld""bte<l~ ""... ro'- 1>7 aalutl.oll or c...-ate r_.
vltbollt ...pl..:_ot or U1a "_,,.u '0)' l~lte. Lt.>IlU.. &lao ""cur•
.. rlJle~ 41a_l..teS _.a .,attere4 ULrouc.bout the <:bert. '~p&z',,"tJ;J
"lUlu tile It.>,,lte rll<*la DOr U1e rlne~ <l.hlded It.oo>.lU heve ..,.
an."t _ Ul.- r.-u-tI>_ d....et>1l1t)' or UIe ,,""'rt.
Petroeraplll"•• -raJ', and dlrrerenthl tlle.--l 0D&l,y•• or the
~a. u."".~ ....".....U)' II> tbel:" , ...rOll a"'-rOll.. lc _.11.1_.
but th.... h c.",.1<1""1. varl.Uon 1" cert.ln cb....curl.tt.,.. All
tbe aI>&1u COl>&I.t or <I..trltOll .llII:rOll,r.l... pr1Mrl~ q .......u. III •
...ry rl",,-,r.~ ..tru or cl~ all>&rOll. or ~Ic... tbe e111er
d11'r.....".,. • .-.. '0)' tbe .bal•••re the ... l.tt.....It• ...." abUlld.".,. "r
tile detrital .1oeral. _ tbO! ...l.U... -.nt. of el~ at""rah an::!.
or,aolc ..t.rial 1J:l Lb......pLo•.
IUcroa""plc pttro&r.~ v" u","" ror .t~ or ""'U'It.a.l al""r&lop.
t.xt ....... an::!. aUro.t"""t....u or t.hfI ab.l... TIle "l~ ..lneralogy v..
4.ural_ pr1MrU", 1>7 Il-ra,r <l.lrrr..:tt"lI an::!. <l.ur...oUal Ul<:.-.l
IUI&lUI.. All ....pl. or ... Il-ray .pact....... t<lr U..:a ollt.loed. III tl>1.
&t~ I. al>ow 1J:l r~ :!O or Appeodu A. Lo.. oa I6DIUcm t.e.ta
\<ere CCIIIdo"t«1 <Ill e..:" or tile ••plea to provlda ... 1""'-lcaHOII or Ul.-
-..:It or o:o;_lc _urlOll pre_"".
II> order to ..U.hctllrlJ;J <l.e",rlt1e the ebal.. _ to polllt out
<l.11'1'a..".,.. 1J:l tbelr p'l.r<>sr.pllle ch......terhUc•• an::!. yet ...014
..peUt.1on, • brler petrogr.phlc 4• .,rlptl_ or • abala vItA ••ve-r....
" .....aeterhtt". vlll be ,IV'll", _ t.IIa .1 raloel... t.el<ture., Il<Id
&l"roatru<:l.W'&a or the .t.:r<>q;..t, UMt. po abaa (:2'06" _ tbe
",Mut....t po....... .a.J.. (2068) vlU be .,..jlU"e<l vittl tbo.. or the
......OC••_le. A brlet l.-.....y et Ute .....ulu or p-\.rcI....plllc Itudlu
or oJ.l tiYOt Ibal.. I. pn...,1.ed 1D rlble 2) or ApplcdlJc A.
ne • ..,roc. Ib.le 1. c_pcoecl. pr1&lrll;r or • t1Dl-Ir.\.Ded. Illitl
_trlJl 11Iclo.I"I <I.UltoJ. quuu V.1DI US' to 0.010 _. 1'1 <II_wI'
(O.Ol-o.et' _ ....noce). It """,t.l.......... I<11rlll>la 0'll&c.1c ..thr _
<l1._1DIt.o<t l1_H.• I.I:I<i • -..11 eacw:>.t ot cl>lerlt.l. Le.. ee 19.cltlen
tor !.hI. o/I.oJ.e I. "_~tlly 12 per ee"t. ?hI. <le.erlpUoe tit..
•blllU 2066, 2075. _ 2076 talrl,y v.u.
Sbill. 206,. t.bI _t lcd......tI<i IIld laNt PO"- or t.bI o/I.oJ....
OCllt.l...s .ere detrltoJ. qUArt~ IQ<i 1••• cl.y .I..ral tnan tho • ..,roc.
ohIIl.... B..1<I.. balqg.o.... 1Ib<a:iac.t.the lI.trll.oJ. quart. 11'.1.......
larger !.hill In U>e eUler .hlle., r_Iqg tn .Ize vp to 0.(11", I"
ill_til' (0.02 • 0.0, _ .....rOC.). TI>c 1Ib"""'....,e a:>:I .lu or the
lIetrital q\llrb 11 .llt11cl.nt to cllllity l ..pI.. 206> .. I .Uty 0/1.11&
.... PC..lb1¥ eYlll ••Utetona. flli••_pl. &lao "",,"1_ ...... erglllic
_!.erial thaa t.be Othe.. ohIle... v ............ by t.l>e 16.7 per cent lox.
en 19.clUon. U.. bl&beU ot 1111 !.be ahI1.e••
st:.aJ.. :2068. Ute ""ru.t _ .elt PO""'" ot ltoe lll.oJ.u. coat-.l""
.ere clay lIneI'll I.I:I<i le.. dnrlUl quarto U>ac. IllI Otlllr ..,.lal. ~
..l..aUYll;r 111&11 plr<>alu.,;e or IW.... ..,.,.,""U tnr tbe h~ poroaity or
thl••boll. I.I:I<i t.llI cClbl...lIcn or b13b day IIDd lCN' qu..... ""nWet
aeeouat.. tor Ita lac:t ot 1.cdur.u.....
Sludy ot thin ....,1100>1. cut "",raal Ie the _Lng Dr Ute 0/1.111...
by ..... or • t.eclu11q 1&1111' to I.bIt uNd by MltdllU 011 day.
()Ii) .-... l1ttle 1I1t1'1 In t.bI -..:It ot p.....1Ted orIIllUu'o"
or eu,y pe.rtlclu for ~be d11'r....I1~ "baao. Tile JOrltJ or tile "1.,
portld........ or~lIted. vltll u..1r ebart Pe- au ..-J. \0 u.. _UDlJ;
(OM T~""'" 11 ao:t U1) bl,lt It v.. IlOt po..lb1e 1.0 dlocerll ,U1't..-eoc..
111 tile _t or orl."tatt_ or p.artlcuo l.1:l 4Ut t ~al........-




















































~ :, ••• ,,, >. to,· ", :.. ....
l,.- .... ' •.•. ,. , t:'.·.\.'-. ' , .' ' ... f' .( '\. • '...., .-."t .....
';'~J-' .'.•' ..::""','l; ~.~ ~ ...~
~ti' . 't..'I'".,ort· \ \ ..~: .. '" , ....
~... ,..... , ',' ~ , .... ,' ..
" ".•• -, ," ,"';" - .~. . ~I>' ,-, ,~.'.",.. ~, ~ .. .~.,
~., "" ...... '.'_, ,..~..,C.•'. • . .J>.:,Z.. 'c:i;.,' . ~} 10 - J '.,
-.'- .-:,,- _ f'~'"" ".. .. • ;... . >.:.
...... 4,'>' "","~ - ;: r -.
_~ -_1: - --... • ~ " .' -', -•. ~· . '.."- :,- ....... -:... \-:.,~ ..... :"~"
• ... .t ",</'" ~...... -.r
,,~. I ~..'~~~-i<',- .:~ ,,' -: .. ',~ :~:..\
.;.... ".:;." ...... _"...."'..-' ··r ~ -:""..:;"",:A .
'ty~. te". "f ;~~~-.' (, ."'",;-'
". • • T ,., ""- ..... ~
...._.,; ,'\ .,·,it': ... ~ -: .,-~Ji'!J;· ....F'Yf1
'Il.. • V. -,~ -- • J" ~. r.- .... . -.
1( •• - .,,/ 1',' '" ,',''''"• _ , ''1'~'''' '...... ,, . "," .
FIGURE 17.
FIGURE 18.
'n>c ",.u.1h Of frM"-thaor ~.uos ot u.. $l>CrlI~ be........... t
~_..toM 1.1:1 u.o fo.. of tbe clurooblllt7 f..,tou ~..1_l,J de..rlbed.
Tebl., l' prueou durebUlt7 hcwn for cbert .......ubJ.ctoM to
rr.o ...·t~ U.U,.. Dlaebllltr f..,ton for be_ $otal01ll& eb.a
-.&"'••W ...... .-.. 10 TOIbl. 16.
D..... Lzlo! t.l1e tuU... P.....r_. It vb fo_ thet ._ of u.. cruehltd
118e.t<II>e _ed la tile ebill. be_ v .. of 1Dhrlor (j1l&UlJr _ re.u.1Ud
1.1:1 Ull..,.. or .,.nala b_. B._ vbleb V1Irl1 aliapecUd ot bav1Jl5
hUed booc_ of the 118e.UlI>e _ ""t tlla .bale v.r. c.....~ b....uo
by _ Il1tNl6 u. deep-••atoM crKka that bad f....- d .... ..tIlJ frMu-
tb... tutl.!l&. Ao,y ba_ that V1Ira tow>d to bn.. cr..,ked b*<: or
dO'ta'rloraUoo ot til. 118e.tooa we'" ..alA>:! t.- tbe te.t u.1t-.. 'tile
_1U._ of ._ be_ 14 U. or~llll&1 Uplrlamt dul6D IJlIllc.Ud
1.1:1 TalIlJI 161>7 ..terl.ka, _ tba ..ated d.U ..... p.....nted to Teble 2~
of AppoDl1b. I.
'tou of ...tath. ol;rIl_le _ulua or d ..Uc1tr ftnua crelJla of
rr.o1tos .. tIl_1:lf; for tIla ~lJIte freeu-tb_ .lIJiO'f18eot 0Cl tba
eben be_ _tM ~apb.1caJ.l;r 1.- ric 21 to 26 of AppaJlIl1:l I.
__ of u.a c __.u u.a ....rac. "tau ~Ic _ulua for
U>e UfO "- or a particular 0011. of tba explf~ot Ual6D. '16......
-"_.....-..-......- .._-_ ..--_ ....~_ .._--
--.. - - .. -=:., -- -, -, --, '-0_'- - - -- .::-- --.- -- -.- -- --C. - •• •• '., •• •• '" •• •• ... ... ,. ,. '.. '. ... ••- '. - .. , - .. '.- .. C • - - " - - .. -'., .. .. •• ." .. .. ., .. • • .. .. •• .. ., •• .. ..
" ;:: .. "" " ~ '" ~ "" " ~ " ~ ~ ~ '".. .. ..' .. "" .. .... •• ., .. ., •• .. -' .. .. .. ., - .. .. •• • • ..•• '" " '" " " " " I!'i " ... " " " " " " " ";j .. ., ., .. .." .. " ., :;• c.. .. .. •• ., .. •• •• .. .. , " -, ., • • .. •• .. ••





s.......,. lit IDdtY14oal. Duubll1tt , ..1.0... for P..... -rh..
'fItltll'l Pr<3Ir. Of" C<>acr-.t.oI k ... e-llO.1A1J>& SIP.ll
Per....Ur~•• or Shall' eoar...""6.""
SlI&1.l\OIaree
"""" "." {~U "'" "'"(o-utur) (S-r->rJ -~, (lD4l_poll.) ( .....U1 Ilellll,
~.o Po" ~.~ ;6:~,e., ..., 8:>.'
9'.' 9'.' 9'.' ,e., ...,
~ 9'., 97.' 9).~"., "., ".S
" 2!L! iH• .hl_ 97.'0 9n" 9T.'O 9'.'0• ,.., ,.., '" .: 96:' ~ .,j "., " 9'.'97.' ,..S • "., ".,
0 eo., 97.' 9,.0
" ~ " "., ...,I 81.2 "., ,,.,
u
• he· ii2"':'9 """ 95.S ;r, ;ro0
1 99.' 97.' • ,e., 99.S• ,e., "., 98.' 87.' .,.'
" ..., ,e., • "., 100.0"" ,. 99.' "., 87.9 97.'u 98., 87.' ".' .,.,,, 100.0
~
• M.'
"'<it .9lf.3 9i'i:3 9'.0 m
"., 87." • • ,0.806., "., 8,.0 98.' ".'".' " " ..., 95.'... 97." "., ....
" ..., 9'.' 98.'..., 91.6 ....
""S. w:3 or.; 9il.9 9'f:"ij 9r.9
.. lliI'aU14 ..&1......... pnM"_ I" T.a 2\ ot "'ppelldu I.
n to 2ll of Appoocl1K I .- eo........t>le Illf'O,...Uoa for "aa >oe...
00Ll.1 u.o... ""'.. "-e 4.....t>llltJ' f..,tou "en 1A<:1t>4.ot U> ' ..Ie 16
"e.......ed 1.(1 o~Ialll tlw elU"!'eA a_o M.... &oc.b (un'a "pnlMnU Uw
""arog. rel.tlve dyo..lo ~ul", of .1..110111 of be.....11hln • par-
t1oul... odl ot t.I>e a.balll upu1M'llt 4"1&0.
SllTt.co 4ater10raUoa t..,to,.. ....... 4e"" I_, ......UII>t<1 pr.-
"10"'lJ, tor ..oil ot tlHl ~".....ubJ.ot.e<1 to t u-u... ""oU"". A
o--.ry ot tlw... r..,ton ror U>11vldual >oe... .,.,llUI01<l& ohert 1. pre-
MtIte:1 III Ta.bl. 17. 1'IM be_ 11101l.Oied III till. hbu.latloo ..,." ttl.
0.....-. 4 ......UH1 r..,tor. "n U"ted ill Ta.bl. l~.
Tlw .1U1'..". deterlorat1oa r..,to... r .... u. o!la1lI be_ ""' ..-..
1a T.t>llI 18. n....., taao... ""' t .... toll••_ be _ 411rObIlity
faoto... on _ ted III Tabl. 16. ,1, Ibe tor Tabl' 16, 1M
01.10 tor 1.110... be th.t fa1ad ...."" ot 11>0 p lIO. ot Int"rlor
lI...oto<wt "Ia""I'"' .... ""t Included. I.. thh lobI.. '%tie po.1UOII. of
U.H d'U 1.ll U- upor!-.ol de.tp .... 1.llI:i1.n«i b1 MtertAlto III Tabla
18, _ U. 4ata """ prOI .....te:I 1.ll Table 2? of I.ppndl>< II.
Cs-Jl!rl.on ot lli!2.!.!! P.,._I... !!! lIard"DOd eo..c..te
!!!:!!!!. !!I. !!!!!!. 2 !!I. Ko<:.blll.
It v ""tool d.... 1l11 tM oour... of "tl.Id1 tbat _ral be.......1
t..- tAo _Ult4 by b_ prod._ loooor 4 ....0I>11U". t..,l.(1", 14'" be...
nt I.dolllU.&1 __11.10" tor vblc:1> U. <lO<>CI"etAo al.:dd 1.ll " _dol...








a_, or Surl'-.eoI o.~rlor.Uoa '.c~n for ,.-u-Tl>_
,...Ut18 Prqj.r_ of eo""....w a.- tooUIDI", s.au
p., ....,'U~... at ,hal. (:oar.~••\lr
ll.
1Ill.tJ.. so....co.
><>6, "'" (=: "'" "'"(lIeen.... ) (Se,-rl LN'ort.e) (IIIdI .....poll.) (SoIl~1l Be"'",., ,., ,., ,., ,.,,., ,., ,., • ,.,,., ,., ,., ,., ,.,,. ,., .., ,.,.., ,., ,..
• ,., ,.,
hi· .., 0.0 ;:0 0.0 0.0
• •., ,., ,.,• ,.. ,.,j ,., • • ,., ,.,,., ,., • ,., ,.,~ ,., 6.' ,.,• • ,., ,.,
I ,., .., ,.,,
• A....O:O 0.0 ;:0 0.0 0:0u
•- ,., ,., • ,., '"'• ,., ,., .., ,., ,.,
~
,., ,., • . .., ..,,., ,., ,., ,.,
• ,., ,., ,., ,.,•
~ ~
,., • ,.,
.~. ,., ~ r.; Q":} 0':'3
11f ,., ,., • • •,., '"'
,., •., ,.,,., • • ,.. ..,
• ,., ,., ,.,• ,., 1·' '".,., ,.,
A.... D.i5 0.; H o.r n
u,
YOI.cI pe.r_teu ot lb.... lvo el..... at _"U III All &l_P'. l<>
uplelo u>o abMrTed d11't.~•.
Il, .""'" ot !.be 11tlear lra""ru l.ehrll'l.ue, U1e total per.,..,t...
ot ...tra~ _ eouapped .Ir v .. d.Uno1_ tot eae" be.. U.lJ>c
th. val"". abh1Aed tor lotal pere.ntr,g. at air aod voW. per I,..,h at
v ....rae, It. v .. p:>uU.le too ....,..t. epee1tle 1w1'..,. &re" aod bubbll
l,aeiAI t&<:l<>u tor 1.l'.R be... ua1.llfl Pt>vlra' _t_ {~l. Toble 19
,........,to t.be "",,1t1 or tbll air void ItudJ' tor be_ e.,OtllAld5 ob&.le.
'14""" 19 '"leoto tbe ._ dati .rapbleali,J. A.-,u ...t ot ealeuJ.a-
tloll& ror the lpeeltle ..... tael arel IOZ01 th. void 1pac:llliI! t..,lOr ....
























































































































































































































































































































































































































L ..,'~"m> __,. 0 0 0 :
VOl) SPACING FACTOR fOR
llURAeu: CO«:RETE 0
""'---:-:---.,.,-----0:--:::--=
20 40 60 80 100
0lflA8.UTY FACTOR BASED ON 300 CYCLES OF
FREEZING AIoID THAWING.
FIGURE 19. RELATIONS'" OF OVRABlLITY fACTORS TO
VOl) SPAONG FACTORS FOR AIR- ENTRAINED CONCRETE
111 l.bu ..,Uoct. .t.t1.t1ca.! ..l.bOII........eel. .... ~.llIlI dU'-
terelKe. 1.1> ti>e durebilUy tactor. or <:Ol>Cr.to .I»C1.e... COIlt.ltl1llri\
dltrennt peroent,,£., ot cllert. or 011.1.. rl'Oll dU'te"",nt 'OUJ'c", .lld
1.. l.be c ot ti>e cllerY, tl'Oll dlN'el"Cllt opecltlc &ruUy 1...10 ......
• tU-pt _e to deteral... Ule .l.&,a.1tlc&DCe or I.l1C effect ..r eecll
ot tile "arl.bl...... tt>e t~.o·tnov dl.lrob1l1ty or <:Ollerol.e. Sl.lcb •
• tUl1J' ot 1.bC .~"l.tlc&DCC ot " ... Iobl•• 0lI toot ro.llJ.to I. c_l,y
I»rtor.e<! by ...... ot • "l.bOII. ~_ ao u. -....-J.y.l. or "...1"",,"" I,J,
..Illcb 10 0 .totlotlca.! procOduro ..aed tor l.e'U"l! tor 01g111t1cont
dtrtero...,.,. -.o;s: u.o ...... or U. d....
'I'Ilo ...,1I_lco ot the onal.7olo ot " 1....,.. ao oppJ.teel. to l_ro-
to17 t ....u·tIl .......n d ... tor """cnl.e <Iucrlbod til deUil by
1r1cJ< _ lIlacl<l>un> UBI. Brl.tl,y. tl>e _17.1. or " ...1....,. 10 •
..u.oct tor d.to...1Blns _tiler 011....- dltt."",...,.. 1.1> ...t ot d.U
c ... be ottrilluted to nporaellt&l tactoro or It tbo ditten""......
d.. to _trolled " ... lebIU'y 1J> tbe d•••. !'be "-eclet..... ~ro.1ll1!l
1bO' c...". or .be 011....- ditt...."" 11_ 011~ probebUI-
U ... tile npor1.olltoJ. d.. lgll tor tr e·tIlov It""I" ot til. ebort
... _ .... 0",...110<1 I" .l.dI • "117 t UIO -4.1. or 1....,. ..ou.ld
be oppllceblc to duroblU.y tecton OIIto100d 14 tile U. _ ... r,
.. 10 Ottoll tbo c... 10 rz-.o·t_ to.tl..llC. tbo " ...1....,.,. tor
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bill .pee1J'1e ISr1lY1t1' Tblo 10 d~_.tr.ted 1n u... toU""11lI tabu
or .... d ....abl11tr f",to ... obtal_ b1 ....rOoiLns tiMI ..o.1ue. for all






be obtalno<! t.- tba.. dn•.
tactoro occur tor tho.. be_ conta1J:l1D6 .til o.B1 te.. per .,., ..t or 2.~,
.1_ d>ert, _ tboo aa.alJo.1. or ••r1uce could ClOt be ..- to tr11lg
lnel. NId Uw tv<> end r per ceat lnel.e. tblt rleber_Sellnll'. "".t
(,) v .. "ttUu<!.. !'111 t:>ad 1e I"tetld-.:l tor dete"'l"l. '1cA1rI-
Cellt 41l"fere~. boo_" ...". vl>ea u.. ....Ioaec. Ilrt e'l.ael __..
A. ehova ta TellIco 26 to 29 ot Appeo:11>1 Il. tI>o P1.ber-Il.l>reoo
t .... lIere cotlducte<i o.&.I".t • crltt.ol t2g ( __OIded te.tl lor.
l.v.l or .tgnlll...... ~ ~ 0.01. Til.....~rloon. mode .nd. .on.l... lon•
..... Iv-.:l .t are a. toHovo:
(.J At tlle 2." pIUO .pee1lic ,nvlt,. 1.....1 tile .... 4"nll11l-
\1.. ror tile ten per .,.nt bl...... ..!!E:! !!!J- .tgolll...UJ'
l.,....r til... u.oae or tile tv<> _ rOllr per .,.at bl.nd.•.
Ill) At tb<t 2 ....'--2." .pe.llic ,nvlt,. te.... l tile ._ durellllltt••
ror tbe Un per cent bhtld. !!!!!. lICIt 'l£a11'le...t1>' lover
tb ... tb....... ror tile Wa Mel lour per .,.at bl.Jl<l•.
(.) At the 2.~, .1......p".llIe iro"lty level U"' ...... ror I.M
tell per "'nt b)etld.~ .I£atll....tq lover til.. the ......
ror the tl/O, r ....... _ .b per .,."t 1l1.tw:I.••
(4) At tbe 2 ' a1Aue ope.llle ....nay level. tbe "OIl. tor tbe
.t" per c t bletw:l.. :!!.!:! ~ .tgll1tl....tq l.,....r I.ll ... tbe
...... ror tile wo and. 1...... per .....t bletw:l. ••
8iAce o.l.l tb. 4urell11lty r..,ton ror the abolo b... were b,1&II
.noU$ll (T.ble 161 to 11:111Icote -.r>d. ",,""rete (the lov..t ••11 .ver&6'
v.. 691 .utt.tt••l ....q.t. or the.. d..U v" not vorrOllted.. By tboo
_ toke.. , tl>o '1£..111..."" or tbe d ... 0...urr"", ...... rlor.tlo..
(TlIbal 17 &Dl. 18) v .. _If .....W...t &Dl. "" l'\1rtbolr -...1.J'lh v .. _e<!.
1'boI r ••uu... or .UUIUnJ. .,alJ...,.. or tlle 4urllbUlty t..,tor. tor
1.bI cbolrt. be_ lU1 be ._h-.l .. toU"",.:
2. ""...,."u,g... or cbolrt "I' to tour ... r CO"t _ "" .ttect OQ
4 .....lIbl11ty t..,ton It N:q lpeelflc u_lty lInl. I"
1441t1OQ:
.) ,\t tile 2.~ 1'1... aD:1 2.~5·2.55 ....clflc U.vlty level.o
percelltlfl" ot obert "I' to WD per ...nt hl4 "" etfect
on 4urobI}lty t.ctor•.
b) At tlae 2.~5 a1llUI .peclflc &r... lty 1.1..1, I'ft"ce"tIfl..
up to ..il per ..llt hid "" er~t OQ 4"robll1ty rllCton.
but l.eo per ...ot d>ert .....u.lt14 III .1601t1canU,,. :laver
du.rllbUlty t..,torl.
,. lOWr..,UOllI.., ...,. •• I"'rccntlfl••• &Dl. Ipec1t"lc
































































































































































































































































































































































































































































































































chert fro. tbe 2." pI... and 2.~'.2.~, 'p'cltlc &r.vlt1 r'nsel. Ttlll
10 1" llCe"rd vlth the ..or~ of !!vHt _ WO<>:I. (60) ""leI> 1<11:11cl~
1""-lpeoelf1e U ... tt1 c ..rt to be tbe ..,1Ot ......pU.bl. to frM ••·u..
detertoratloa •
Tbe peroeoto;;e of chert ..led 1.110 b*1 • '1&"1rlelll~ effect 00
Ule d .....l>IUty f..,to.... lr~t 011l,T It til<! 2.~' .....".. lpe<:ltle ...... It.r
level. At the 2." pI".. "'"" 2.~5-2." .peelflc &rnlt1 :w..lo, lbert
hU"", of be.... 10 vtllcb Il vU lnelu:l-.:l.
b*1 • Itro"l efr.ct .... d ....... l11t.r or U>e eom:rtUo. WltbOt>t ....epU....,
be-=- cOOtllo1ns Ulo per cent or 2.\, .lnul cbert lutfered "vcrl,
..... _p·...ted cr..,~ c .._ b1 tlUllrt or u.e c!>crt. Tbt lDvut
d.......Ulty f..,to ... recorded ID the fne:te-th", tut1n& ""cur...... ror
th I. cc.bl...t1"".
rOW><! to be <lOt "1&n1f1e&llt4 lDver t.lI.&Il tlloae or the tv" Ill<! rour
per "",at le'rell or tbu V ...1t7 '--", _r• ......, nr1l1billtJ> 1A
u.e d.tl "cc~ It thll lavel thIa It U>e tva _ r ...... per ••nt
IlvU,. 1.1., l..ndlvidul.1 be_ conU1lllns.ll< per cent or 2.~, .1.0...
ct>I.rt b04 d ....llbil1t.1 focton .. loot .. 68.9 _ 16.1 wblla otbe...
....... .. 111&1' .. 97.2. 'I'be r_ low d...... Ult1 rocto... It tile d. por
""'lit luel, "hUe IlIlt - ....1Jr .. low .. tbo... U tbI totn poor ""lit !ewel
-...:I IlOt lot< .~ to ~_ .~11"I~...t d.Iff.... z>o:e. In tbI ",U ........ ,
_re 1_ .1lIl"5!> to '""6&e.t tbet .... Mt.erlnret1oD " ... ","ur til con-
~ret.e _Ul.ll1.<ll!: .. little ...11I poor ......t ~Ilert ,,1tl> • ball< .pReIfI"
6'"_lt,. or le•• t.llaz1 2.~).
tha-lOblllt,. tacto!'. (<>r buu contalnillf; t><o -...:I t ...... poor <'ent or
2.') .1..... ehe...:. _ ... al>ovD bo,. &1>&.1,..1. of ...... 1aJlce to be .1&I'ItI~...,t1J'
~ u...., d.unboll1t1 (acton for be.. CO"UI1l1.<ll!: tbI ._ pe...,.,ntagu
or chert frca the t"O !>ca.. I lpac11"l~ V,.. It,. r~... 1I"".... r, aU
tile durability tacton tor tt h......... high el»"&h to Indlo.toe
va,.,. little d...p-....tacl d.t.rlontIOl> (Tabl. 1). for .,....ple, tile
l"".n dW"ablllt1 factor c<::a""WId for U\e fOUl' par "'nt lA'Yd ot thoo
2.~' .1.....paClt1c 6'"a"lt,. ranp .... 86.9 -...:I tJoe loooeet call .,..
.... 92.7. Tl>e.....oJ.ue...... 1>1&1> elllDll&h to be ""... lJHrIId. 1<>:Il.,.t1'o",
or _ CODCreW.
III -..y, It -.p....... tJu,t C010CnW """""'1"l.D& up to tour per
""'t cllart "Itl> • bult .pecIflc 6'".. lt,. (o.atur.1.ed ,\U"f_-<l.r7 1>..1&)
or 2.~) or lau, &.0<1 at le.. t I.e" per <'ellt ehert .. lUI ••pec11"lc
6'" a,. an.Wr tban 2.~', can ."",,,,, • .rullJr "abat&.o<1 labor.torr
t ·tIl_ up<>&ure "ltbOut utd.'1!i0l.D,g deep-oe.t&d d.tarlOr.t1oll.
Tile .tT.ot ot .lte ot tl>e lodlvldut.l cb&rt partlclo. On theIr
f ....... -th_ durabll1t1 111 ooc>c ... ta l.ot 1.Ot.e....t. frevlo", .tl>l1l..
or delelArlou••ul>.t...,o•• " .... Jndlc.!A<I "'" .pparellt ...1.t1.....hlp
be~.." .1... or IUlCOntl-.1 partlclo &.0<1 Iact or t ....:ta-u.- dur&bi11t,..
v...,. _ LlclllAt.14 (7') _ I" tlwlr .tull,. of """"""1_ IUu.,url
_rte tIlat ..t"".!Ad 1 to 1;-11lCll partlole. _ 11.. Net.tII:><.'OI to
rr"",~I"l5-&o<I-UIW1l:llI r ..u tlllllD ...tur..ted ,/.. to 1-1...11 parUdu.
TIl.,..... (62) ut..,...ud prl or dirr. ....nt .I~u r ..... t.he ._ rodlc
&0<1 r"""" th.t dMag" .... g wr u.. luger tba .peet.oo.
The eN'eet or .In on \be d l11t, or pan.elu of d.le""rl"...
..terl&1. l.A e<><><;re"" 1& not ele llooI_r. S\lect _ llOOd. (60)
embedded ."turne4 ehert plee or three .tzu. ~/1o to 1 1D<:h, 1/2 to
N" 1"'11, &0<1 ,/8 to 1/2 1nc:ll, l..ll l_l!>ol>. ""rt... ""be. &0<1 .ubjeeted
I.be.. "ute. to ~ to }09 "yele. or r ..... zUlll _ ~1rlI. Tile,. rOOl>:ld
Ul.t u.. eubu rall&<1 n .... e ... lIer "Jde ror the '/10 to 1_1""l>. pie'-,
th.... tor the 1/2 to ~/... ·I""l>. ple"u, and th.t no rallure ""e~rred 1tl
tI>e..-. coat.1a1.llg \be '/0 to 1/2-1.oct> ple.-•• IClleeer (:?1). -.-er,
rOW>::! no ap_t ....1eUOD&llIp bet"."... &In or _ "'U....a.""
partid•• aD<[ durebl1lt,. •• lollS .. tile .Ir "",,""ot or tM -.rt.......
held eoo.t ....t. R. W.lier alld MoL&UAlIlIn (65) de"",natnte4 tllet 118"t-
""lglIt Cl>OOrt leu tll&ll ,/6--1Deh I he vo~ DOt " ...... deep"H.ted
r ...u·u.- d.""rlorati"" 111 "o"" te, blrt tt.clr ... tIlod or te.t <lold
DOt dl,U.Drg\lhh bet-... tl>c d"g or ruIn""".. to f'Teez..·t......
<loeUrlor.tlon exbiblted 1>,. d1tt t .11'" or "hert larger th&rl
I .. UlU .t>d;f DO Ute.pt .ade to ..... d1fr.re"t .hu of
"bert l.tl <loitre ...."t be.... to deu l ... the .rre"t or .I:<e 00 d..,..l>l1lt,..
lIev""r, for thO ... be_ t"n bed .utre ....d n.e~-ae..t&<l. or... ltillS ...
.......,,}t or f ....lng a<>:1 t_lJos, .. q,1O&l.It..t1 _,. .... o_... ted to
detenJ.... I.be ,I:<... of tile piece. of obert .1lte t004 by eacb 0....1t
.. ItII ttle bop' or deur-..tn!.ng ..lIIob .he 0/8 to 1/2·, 1/2 to '/"'-, 0.
































































































































































































































































































































































































































































































































































































































































































































































































uated deUrloraUoll " .. "auaed bl tbe d11t.",,~ ohal.. a"" UloIagb
tb!'1 _" trw "litalJ' ..parated are.. I./u"0lllibou" t.be .lAI". ...." boo!
.J,.D111,,"'''lJ' 411te",,1. ball1" properUn. TIll. I. 1.0 .,cord. "IUl
"be tUld.1",. ot 1.aI>lJ; (7.i) "Ix> _ tbn tor pt._a1. <:oIICn'''' ......-
l.a1al.ac .-11 per"" ..1.-,,, of &b&la. U>e 0D1J' IIant\o.1 atreC1. CIt U>o
ol:&1a 4 ... t.o t ....,,1!ltI _ Ul"'l..c$ COIIlll1a1.Old. or a=l_ d<tt.arl.....U_
ar u.e CO""..."..
A .....parl ..... of d....1lb1l11.7 tae,.,r dna tor u.o clI<tr1.. -...I abale.
abova 1.b&1. 1.be 0D1J' d..p-ae._ d.eurlora1.l_ " .._ b7 el1.ber of u.e..
_t.erlala " .. 4 ... t.o .:ber1. vlt bull< .;.K11I" U..-11.7 ( ..t"rat.ed
.....t.,.-c1r7 bMa) ot leu 1.lI&a ~~. S1oc:. __ ot 1.l>a -a _ptea
,,_1.al_ a c:ooa1d.erab1.e q .....1.11.1 ot ..".rl&1 vbl"b I. ot law bw..Ir.
.... ,,111e Ul ........ tor ah&J.e (2.1~ .1 or ....., al..... ). -...I .1""e
....... of th oh.1.e. p.-odueed allY 4..p- ted t ..11..... , Ipe"111,,
gra"I1.1 apparently doel llO1. h.... the "'" rall~IODablp t.o r.III1.anee
~o deep·...ted loU....e tor .bale. M 11. do.. tor "bartl.
Surf..,e Det.edor.Uo..
AlUloOugll tr.n.·~ t.e.UIl;l: of C06C... t.e "we... I. prl.D&r111
lot.am::leel to " ..... _p-....t.ecl. fa.llun _ • .m..q ~ loal Ilt ILrellgt.b
of _"t.a .pecl*... co"t.a.llIJ..l:t& WI_ 1rC&J"Il'&..t41I, .urf_ 4et.erlora-
1.1.... of 1.be co""... t.a, "bl"b " ... be '"'IU&1.l7 ... 1.IqlOrt...~ .. d_p-aeI1.Old.
fa.ll<lft, of~ oecuroo 10 u.e.. "..U. A pa.r1. of t..hh II.udJ " .. 1.0
d.a"...u.o _ .,.,.t_ 4."",rlo....Uoa 11 1.D.t). eel bl .ac:Il of u.e
.....1abla. aU'oo1"l1Ced l.o1.O 1.be rr-".-_ .t1ldJ'.
SW'tIce 4.tarlo....~loo t..,,.,... tor t.be ellen ba_ ...... ~..._
""
III Tal' 11. Tbue dau. 1t.U~au. IlO '1&Il1f1~ ... t d1fr.rellee I" "'.ern)'
of popGllt d__ tbe .l.:e ebert ..,.".""'•. '1M -.lor d1fr.rellee.
l.a _rlt)' or .."..f",.. c!.IIurloraUOIl aPP*l'eatlJ' ...... c""- 1>7 ..;.erhJ.
h-o. dur,nllt INa .paclf1c ,,,...It)' rqu. ror ell .iJl eberU a
....ltal1>a -..:It or .....f_ d.wrlon.t101l """""'.,..." 1........ colI....lo·
I.. _t.r1-.1 r .... tbe 2." ,,1... .....: 2,~"'2.O:;' .pec1flc ,r.vlt)' ""Su.
KeterleJ. r the 2 ••, .1..... v ...a)' rq.. , _r, ,..a.d 1" •
• 41"ltle ....t t or POjlOUt d __ I.. be......eeI.. r ",1> or tb•
• iJl cller"t.. I" gene...l, the d" to Un ~r "",..t l,.. l.e "lthl.. the
2 .•, al..u••peelflc Br'vlty r""6' heel. hIgher .urr.... d.~rlor.tlo..
hetor. til.., UIe tv<I .....: rour plr e....t te"",l.e, but thl. " .. IlOt true
for ell .4 ehert,. For ex-.pl.e, I .. the 2.\5 .lnu••peeltle gravity
rqot ror ellert 20fT, tbe rour pilr ceat le'Rl hal .., '''''*6' .urf....
de-t,rl.....U ... foct.or of 1.9, vlIih the .1:1: per ..."t 1.,..1 bad "'"
.......lI&. r"'t.or or 0II1.J' 0.2. TIll. --.l.,Cf; -.l.1 I. probllblJ due .....
to rand po.lt1oa1ll8 or \be pi"". or """,rt tban t.o ..,. .rror 10
~ or ... -.1 dltr ...,.. 10 the Mtcr11O.1.
It 10.1.. IIbou.ld _ that, 10 _t c ...... Lwpr r",tor. w..re
ClbU!.t*l ror ...... In tbt .1Jt per .....t a""l ot tb& 2.\, .1.......pe'
.ltlc V ...1t)' r.."p tban In tb& U .. per ce..t level. TbI• .....-&lJ w...
pr1aarllJ' d"" to t.U...... or aoet or thO ten per ••nt b..... to .... -
"leU. • tull }OO oorele. or t ..... alna: _ tb.. \.Df; "hU, 10.11 thO .1><
plr "'lit l ...teIl tlle tull .'GO erele.. 'I'b'" til. tal per .,...t
.,..1aecI: not .I}lOMd t.o ... UIl¥ .)'Cl.. or f ....t!.nf; _ tlla'1Il8
...~ cootaic1ll8 .Is per ",..t ebert.















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































tbo F'"1AN'7 objecU... ot Ulla pontoo or tM .t""" v.. to 1• .."
&II _t tt.. 1>..1c proP"~U .. ot dlert.• ...." -.Il1IJ... I .. llldl ..... ••
y 1 116&....,."-. am to <I.t...I".. 1\01< the ... propert.lu att.et the
t'rHU_th'" <lurlObl1tt)' or \.!>lIM ..t.arlllJ.•. '1'111. leCtiOll v111 ~el.le
U>t .....ll1t. ot tlMo .tu::\ll. ot propenlu of U11 cl>ert. and. .lIl1J.u to
t.be <lurIOb1Ut:r of U>t"" ..",rlili .. <1_", 1""'<1 II)' t .....U·th_ te.t·
11>6. '1'1>* propertl.. to b<I <l1.c..._ ...., PO 1t" 1ll"''1'1I00, a1..r&los:r.
_ le>;l...... """- .1c~...t.n>elurl •
....eto v","1r. rel.elUlg poro.lt, _ <lurlObJl1tl tit c",,-"ood li=r-
It.oo>e aurq.tu I\.M _0 lICeoDPl1_ bl Sveet (~) &ad !"ear. (l3l.
!:....1Jr .~u::\l.. bl C""triU &ad C~U (9). V""rpel _ Ruford. (7.).
_ Svlet and. '01""". (60) corrd.l<Id pa.....lt, _ <lurlOblllt:r tor cnorll.
Hov~r. little corr.l.t1on ..t llll. llpe hI. bee...lteapte<! r..r .hale.,
and the ohert .tudl.......t1<>ne<l vere aI<Ie bero,... .lr-........ lned 00'"
c.... tA1 hI<! _ into ,,"" on<! b<lt....e treeu-tll ..... tooth'll III<! rellCl>ed.
H. p""..,..t .lIle or d.evelo_t. I .. ad.d.1l1co, lltU. v•• 4.- in I
ql1&11t1UU.... "'nIoe 10 Ule_ pI"S.. I ..... Itu4I••• Por ......ple. it v"
dete...~ I.a • ql1&l1tooU... ,...., tllat ll.lhtve1C.l\t Clout c..... d.e-
wrlout1oo "lIeD ..- 10 CCl<>Cn't.I '.pooecl to t'reu1q;._-u....I"".
bu10 ....I.llIQjO; II.. _ .. d_ to drt.e,..I... u.e 'I._aJ of tllh ..t.erlal
rflluired to CalM det.erloreU<m.
TI>I total porotltJ of me h I.......,~ reLDtAod. to It. bull<
.~clflc V ••1tJ (e ...... e"l~ ed cll .....cterhtlc til ... pcroeltJ'J
for ..terlal. of the ._ t.rue .p'e1f1c g ....v1ty, om ... 1",,1> 11
generallJ' reflected 111 .p'cifIC.U....1 for .heM; 111 coocrete "","egne.
It II.. _ .. fOUl>ll tllet tbe ....t porov.l ....rte (tllo.., Vltll tile love..
blLllt .paciflc grevlt1e.l,ceuee the _t """... t'reeu·th_ deterlore-
Uoa.
I .. thu. et\01J, ncb ellen ..pJ.e v.. dh1.4ed IDto bull< .PD'Ciflc
Ire.ltJ r""Se. lMtfore being _ I" the """"rete. The n.e.e-u...>
et""I•• or e<>DOrete be_ co<Ital"1AlI c/llln f..,. e..,11 Of tbe.., .pe.lflc
gr.vlty grouP• .-ed tllet 4"p·M.ta<! om lurfe".. 4eterioretlQll tOOl<
plICe ~ in be_ cO"hl..1ng .u t.o te" per ""lit of .... te.lel fr<Jal
t.be 2.~5 .11>....peClflc grevltJ group. J'or t.be • .."ple. te.ted., t.be
pc.....1tJ or chert 11> tbt.....cifte gr.... lt' group ..... ",n..l, l' per
cellt. Chert r.... the 2.~5-2.y'> _ 2.» pI,.. .pttlflc ...... lt1 grot;ll>e,
.... lcll c_ ..,.,. little r.....u-th.. dete.l",reUOlI, _ poroeltlu
Of CIIl1J' -'t _I> eD:1 th<'H pe.....Ilt Alpectl_!J. !'hie rel&UQIl-
eIllp 4ef1llltelJ IUPllOrt. tbe 1.41.. or V....rpol end Redo'" (7~J _
Sweet _ 11"0011. (60) tbt cberte with 111gb poroe1t)' IUllcep-
Ubll to ft"eezo-Ul.. lIe"'rlo••Uon til... u.o.e ... ltll 1 porotlt)', om
turUllr 41....,..t••t .. til., '1111 concept. boLlI for .lr-entr.ine4 co.. -
cre.... _ll .. coocr.t. vlU1 00 eDtr.1ne4 elr. It al.o ."8&&"ta
~ thoo 2 ••' bulk .;>e<:11"1.<: ""....tt., a...l 1....t.u.r.Wd .urrooet-dJ'y
b..d.) .\.IiU.rted bl _t. _ VOOll.... thoo crlt.1c&1 1,""1 or _per'.
Tb& lack or prowcUoo &rrordecl poroue aeuel.t.e.....b ... the_
1l&ht.ve16ht. cJ>erh by .tr__ t.raiDecl ~llt. peet.e 11. . beell upl..~ ill
,......&1 U,.. by ~re l~). \/booll ....t.ur.Wd ~.t.e l>fo"t.1de •
• urroullded. bl .1r-elllr.1ned. C_llt. peet......10 .\lbJ.ct.ed t.o r,.,..~1llg.
u.. ".t..r 1.ll t.1le _U 1. able t.o ...... 1<:1 the ".eo.PI! bound...lu"
prodded bl elrtr.1:lad b_Lt. 111 the p&IIU. IODI!. 1IO ..'""'•• Il14r.w.lc
_u"... ....... IObl. t.o d<t..elop. T!:lWl Ule p&IIu tt...l.t 1Ja .....t.ect.ed.
onl,y • Itt.tle better orr t.h 11' t.he put.e .",.'" llllt. .1r-eMrelll104.
PrWeblJ' U. peete bullblu "" the OOIlt.""t. be_o "lI&re,..t.e particle
...., p&IIt.e 40 acce~ • ....u _t. or t../>Ir ex"".. ".ter pn>4...ed. by
r'""~tqg t.t. ....t.ur.t.ed "lIIl"'1.U. but. ror ••t.u.r.t.<I<\. "lI&"'S.U' or
hl.&b poro.lt." the _~ or IX"".. v.Ur 1. too luge to be tllOkell Oil
bl the b\lbble. III the _t.e ~1.le1,;( ""J""ellt. t.o t.be ",""a.te.
, ..... t.h1 ............ proUct.1.orr; thoo p&.llte bl air ellt...~llt., "Ule
poulblJ' .uceeoatuJ. tor &G&I"tC.t.e. or 1 poro.lt.JI. r&1U t.o prot.e<:t.
..t.ur.t.ed lr.~ poro... ~S.U pe.rUcl 'nil. _pt. belpe t.o
.."plal0 t.he rla:l1lll1' or ""OIl, Vllll•• _ lle"S"l (2) vbO _ t.lI.&t.
t.IIe ...,t.r.~nt. or .1r .....ult<14 1:> • der1:>tt.e lIO,.."...-llt 1.ll dur&l>1l1t.J1
",
ot ..",crete """U1Jllq; U..,nonee vitb lload. u"l~ ....""ni., lout on1¥
.e_ • lll1&bt I"""' .... tn <\urllbllity tor cOJ>enU udoI \11th cb*rt·
"leD a;;&n,et.e "ltb • feir MrYtcc re<:onI, _ at'l'ect.ed DO eppnc1&ble
i.r:Ipt'ovftIe"l 1Jl du...bllltJ' of C:<I"""CU cad. v1t.h chert-riel> ~8.t.
"Uh .. poor .nice record.
Ae~ 10 " ..1. 10, tile p<lr"OOIlU" or tbt <lUre....,,! ahalee
v"'l«I viddy. For a_pte, olIoUe 2066, "hid> " ... th<It ..,run _
velllr.eol of tile lOb&lee, va. rwar1¥ tvl"" .. pcroua .. M1 or In. other
....Ille., _ onr tlft tI_a .. porota .. allele 206,. tbe le..t PO""'"
and tile .,et·1!Idur&ted of t.ll'I ._plu. Tl>O! vlddJ' v"'YIIll! porool1.1u
of the sbal.. hod 00 ..ttect 00 the aDO\lI1t or deep·.u~ t~u-th."
det.erlonUon e_ b}' tl,... _teri.a. _,"",t'. In -.,W \II' too
tell per .....,1. _ or tile oll.aJ.U ,,_ aQT _p·...ted d~. to<> U.
COllcrete In ..hlen tile)' ..ere Uled. Thie 1-.::)( of deep_MaUld d.e\Adouuoa
of ."""r.U coou1.llil:l& Ioh&lu of ....l.t1 q b.1&Il paroolt, "u d"" t.o
U. l_retll .U"U<:t....al __.. or \.he terllOla. S!.Dee UIe etl&1e
1..0 cO...1d.....b1¥ ve.er til..., 11\1I aurnH'l>dllll5 .,rtlll", It ..Ill reU
1Jlt40r...J..1¥ <I"" to the ,," won de..l~ 10 (,,".I'lI> ..etl>er til""
<U~ ~~ ..n.... T1l1 d_.~.W4 lor "......1_ I>e.-."
pl."",. ot eM" _ ~..a Ul.t _ t.Ued 1m tM tree::..·~h-.v u.t -.
.ub_.....U~ bOld been~ troa th8 1>01_. The eb8" pl."",....bleh
_ c'- dcc.,....t.114 d.Urlo.-.tI..... ~ bl"Ol<ea 141.0 _ pt.",., ••
but U>e ....:Il,.td.u&l plltel. "",.. .tlll ...,lotl,..l.y bard _ tin.. !'Ile
olIoJ.... 011 thoI other hMd. 1:l8d dl.llltflgntld. tntO ...u enoot>l;r .....811.
&lUlo\lgll UlIr1 _ e_ no deep-...ted d.Ur!orU1OrI. ,.,.....u
"l'P8.......... U>8.. ~. hid t.ll8d~ bet....- U>8 pr8........
<I.e to fr'e'Ul:rf; cOll1'" dot.elop '''''''61> to lIreu \be ,""""""",h'15 .crt&r.
IIl>ere ... 11>.lIYldwoJ. Il!lu, particle occurncl elOH to toe aWO-
face or a ~.., U,. .ncl"'l~ ..,rttlr lio;f.r ..... orl.ea not etrOllil .nou;tII
to rulot Ihe h)'drO.Ullc pr.Uunl de.elope<l "D1 l"re<lzlo6 Ul. Ulurlle<\
pan1el.. In till. "'... 1.i>e .,..t&r .... "'arup!.ed, u.lIiD,g In 1OUrl..,.
<leter_or.U... l.Zl t!>lt fer.:. or • po_t or ;:It. n.e l.th.. poro.1UU
or I:ie .::al•• ",Oil I .....u.t ... l.Uonalll;> to ,",,~rltl of urf..,. cI.-
Ieder.tt"". Shu. 2068, lhe u""rl.l b.vlag II,. lIl.ghcot poroelty of
the group (TlItIle 10), callaed cODllW.ub~ ..roe popout d_-.:. \.II"" ~
of tu eUler ehoIl.. or Nl;f or tile cl:.rtl. It .ppe.... t.het thte larg.r
-,".o:>t or "'.""rlor.U"" la related to tbe .......""r poroal\1 or aloal.e
2068, !>:lI, Hl tie lIrougIIt .... t Ill. a""'oNdl.ag Hetl..., oUl.r
(..,ton .uch tile .Iu of Ille po",. 00>1 ~ -.unt of ....,rpUon
of tile ah.le prob"l,y ~""'•• I .....ter .rr.ol on It.. dur..tUt)' of tJIa
~I.u u. the total porealt)'.
It u.l<l te lIOUd tt1at~ U>e olber four ohale. tile 1&-
11oo1lolp be_.. poroflt:r _ ,urf..,., ""\erler.tlon 1& ~ ... el .
Shal.. 2076 _ 2066 are ""naW.rabl,y ..,n poroua """" IlIOn ablOrpU....
tb&ll 206} and 207'. :ret callatd ODl,y • lIt~le lIlO.... popoul d..o,g. than
~} &lId:Mm.
In ."""""Y or \be leU""al>I;> of lOW poroa1t:r to treeu-
Ill.. da\4lrlor.U"" of """"' te ..-\4I101'l! "'berta _ ahe.1e., the
(011""111& pointe aIIoul.d be bro~t out:
(aj AltilOllCh ol1>&r po cb ..,t.4!rlat1CI ,uell .. po.... flu and
al>~lv1t)' -.:J It.rotli5 lotl..."", OCI tbI raalet..,.,.
ef t.IIIt ",bert. lA'ted. to t>ottl deep-IIltId _ .....r..,.
delArlor.U... , 11>&.... II • d.r101toe .... lall.oDlllllp kt~n
\.O~al por""ltJ' _ u.. freeze-th........ I.~lU>C'e or \.he ...
anerl.I.. The ...... po,.".". fr""t1o"" frOlll all .Ix eher~
6f"OUp, ellUMd ""u freeU_\I>.. deterl.ornlOll \1>"'" u.. leu
porou. ..terlal.
(b) ~td po",.lty of .h&ln ...... r.lated to n ...erlty of .urr....
deterioratIon Qf eoncret.e '0 ...nlo" ~he -"du "'er. u.e4,
but ill .pill or ldllJ' nrylllG po..... lt•••• ~ or tbl
,",,,&In nulled deep-n.ud <1oUrLor.U.... or <:oA<:...,'-C
l" ...hlell \.hey ....re _ I .......oto up to U" por e.ot.
$bll. 2068...."Ieb eoo.lder~ly mor. porou. ~h"", the
otber ",oln. e_ Il .ar. 'UI'r.ee deterloroU"" thaa
t.lII otl>lro bllt 10_ 1>0 deop-n.tId <l.eterl.orot1Olt..
She or Po .....
AlU>o"lih "'cocoIZl"6 t1oOll>lp boW.." toto.1 poro.lty _
trMU-u.,., dUl'obUlty ot o,u , $vee' l~) an;I rur. (I}) u.-.
~toad"" thO~ the d....obUlty of 11& , .... I. dlP"O<!.ot ..... "" the.h. _eo.otl"Ulty Of "i&...,.te po th.n"" to..l poro.lty. Levi.
&lid Dc>leb (27) ..a ..l_ !.he' ."" b~>u PO'" .h. I. th•• IM,e
""""Ch \.0 po...lt ...Ur reodllJ' t.o elll.lr ...cb or t.oe pore "P"'" bot
...t IM,e _,..0 to .......11. ....y drol"",•• Studlu bl _t (~). aad
r ..... (I}) n•..., l.odle.t.e<I u... erlUoal po....1n for r I"6-aad-
U...IQ& dUl'obUity of lI....tooe "i&ret:.u. to oI:><n>l , lie B1_
I" _ .-.. the.., _.r _tUl'al ..-.tl""" or trn'l "-1.06.
vold. le.. til.... ' de I .. dl_l.Ir... puUeul.uly lbol. 1••• til....
\ lie"""" I .. dl_""r Ul c1rll.o .l"he~h.l,y oll.l.y n hydTtIn.t1e
pr.......... u..t RIlcoe<1 U>e ""... Iie .troogth• .or .... roeu _ CO"" ..."".
1%l5 It U1h nUtiO...IoI, bet\l'MD po..... I~., &lid durDl>UU, IIOld. to~
10111..,. clo.~U. , .... cllc~U ~1 _ 201l, u.. p"cD"u.s. ot tot.&l
cel'tibl. to tl"MU-U1_ d...... IO...U"" .1J>c:• ..,.". ot till. _W~Ia.l e ..
• 1.",,~o1d ~.Uoal a. b1&l> .. 0.0':11. n.e Illt.""at raUo, 0.0610 tor ~~
2.•) .1......."".IUc 1...~lt1 V"'~I' or _~t 2067, 1.01>.11 allght1J'
1>1t,I>a .. tl\al> tbe 0.057 ~.t1o dul&<>ated .. l.Io. ~l'pO" ljalt to~ 00Il!"'"
1 Aa uaell bare til., W", "Ior<m>ld raUo~ ... t .... to til<' ...tlO
ot ",,1_ ot ""ld. I".. u..ao the .Ioro.,. I .. 'U_W~ to tbe b\l.a

.-..- •.- < • 0 • •-. •! . . ~ • 8 • ",. • ••.- .o! :l~
•• .. ! .. ~" ! ":S• .. <I :e J 0 0 • • • •J "> .. ~,,.. -" .. 2 • • ~ • ~U·-".~ • •
~
.. ~:l ...... '".. " " " •>u .-••• .. ; ...• " I.<lll•6 ...... ..,e.c" .. _" • • • • • •".. "., ..• _>lC_ • • • • • •• .. ~ :I .. ",'"•, : ... 8"",.9-,
'O~ :I,,
.. <lJ .. e. 0 0 • • • ••• • :: .. ~~~ 0 • • • • •• • • • • • •.... _ox_• • .., ... Q• • .. -g '"• • ~u'o,,~• ,
l ••lq:f li'• .........."~~:!l': • • • • • •• l$ _0:C_ 0 • • 0 • -• .. ~~: ... ~-• ,f ...... ",,_•, -•• ••.-. 0 • • 0 • •• .-.• •• • • , • • ,Of", d•-•••• • •• , ~ > • ~ >;: ~ .. s > •• •.. ;:, • • • • • •• ~Ie .. • • • ~ •• • • • •00 • • • •• •
• ~ ~•, ••
'"
~ • .-.. 1.. 'hb1e 21. the c1.'"P'"' ot "~.~101l of UIe clIert. 14·
"......e. "lUI t..,..... ll1l1 toU.l PO..,.ltl """- d"" ...... lns Io>.Ilt 1pe<:11'1<: UUllJ'.
Thh 11><:....." 11 probablY " ....e<J, by the luser I"'rcentr,p;e 01 void. I ...."'.
Ul"" , .1"",," 1JI 41_t.er 14 U>e -:In jlOTO\UI _UrlaL Um.,. C!ODdIU....
of • ..,.......\ .....U ... ..." tNq.....U;J .......~ uaeriiOll .. ..- 14 c..
t.uu, .. 1'1..,. of fi8&nS"1.e eoatll.Al.lII$ _ ...... 1..-.:_ YOld. II _11 .. "t-
erovold. voWA probebl,y .... ..,h • 111&11 d.egre<l or uturU101l. ..... ","'I.1.l,y
Ul"" • pwUd.. eonht.lll.ag only alerovoidl, be"...... or tbe grutoer "w. ot
flow t.I>rO'.cb u.e 1..-.:". yow,.. III Ul1a ...,. It h I.boo.osl>t U1U 2.~, ll1Ilo...
eborrl' be..-• .,.... .........~ Ul"" bot... ler loI.. po........ trIlCU...... '""" Uuot
lbil 1lt",,11 d..S ..... ot ""urUleD 11 • prae r..,\.O. 14 the 1..,10 or 4urabl111y
or Ihl 2.10, .11IU1 .... terl-..l.
Bul.de. bd"6 " r..,Wr 10 t.be pe~"lllt)' 01 \be clIert, !.be lize or
tile por'" --te<llJ' 91oe...1Ae. "briber 4tlAoU"" OCN.... ......... or
b\il8u III por.. U.lt an 1""8'" .~II to ..,\ .. OKlp" boU.ll<larlu tor \he
...ter wider l>y<1I'OIUUC p.......... (9) vUl co...... "" .UI.liOn. 0bY1"".1:r
... or the lars_ pons 1n Ille 2.10' el.n... _t.otrllll are 1" 1M. Clt.e,gCT:r.
'I'<:e c:rIU,,&l Ihe betvN.. PO"'" wl>.feb "tll c""'" <lU.U.... _ t.boM
vlrolcll. vlll "".......,ape bot..-:!.adu <I.pend. "" Ule uD;tUl and ""r..-U,
or t.bt 1'0..... It 1& ""nlble Lbat <lllaU"" 111 11ght.vel.&bt eI>Jrto 0<:",....
entiral1 vltb1ll vol.4a 1... Lb"" :) .lao... in dl_ter vhlob .... aupplll111.
vlLb v ...... bl tbII l~r ""l.4a, bllt It la 'lw.... pnlbable that .c.e or
tbe ....14. lart.r _ :) ale.......... too ....u "" ............,.pe _a-
rica _ til..- contribute to dl1.tl"" ot the pm-tleu.
or couna Ulera la a.l>raya U1. POUlbUltl tllfot treen-thaw
taU..... ot eOllCNte .....t 1>0_ 111 tea'" auell .. tI>e.. 1. e-.d bl
!.D41y141l.eJ. _ra'.... pi_a whlell TV7 ....... 14.rabl1 r~ UMo _ at
thel~ g~ou~ 1.1> pcro.lty eh.~.e~erlnl••. Thu. lt could be pc.tul.t.e:l
thn t~ee...·th... t.Il....... lDVOlvll\S ehe~to or tile 2.~5 ainu. 'l'Ie1tle
gnvlty ~_e ""' ••uHd by • ",bUvely r"" plee.. h.vll\S I"'reeota;l...
or .. lel'"Oyold. e<m.I<le~obly g",oUr th"" ~ '''''~''6e val"",. tor tblo
group. In &II .ttempt to eltbe~ vLlld.u o~ dl.prove ~hlo po.~ul.tlOD,
v.eoWll-&ltureted eb.orptloll U.~. '".re eonducte<l on rr_oto or
",veral in<l1.vlduo.l ple"". ot chert "hleh "e", taken r .... deep-,uted
eree~. 1.ll U.~ be , and ""Ieh 1o every eaee hed e.uoed thoO'" c~..,~•.
The eboorpliOo U "e'" uoed beo'Ule tbe pall .Ize of the tr_o~.
precluded the u"" of dll"111e~ I..........,".,:otl ot poro.lty. C.,.puloon ot
til" l"'reo:Otl,,;eo of eboorptlon Obt.lnM fO~ the"" IndlvlduLl pie"". ot
cl>ert (Teble l~) vlth the ob.orptlon vLlu... ot tile 2.45 IIU>U' opeeitle
g~.vlty g'l'up. (Tobl" 12) Indle.~... ~b.~ vblle the Ilb.o~ptlo" velu,,"
for the In<llvidlllll pleo... ""' 1.11 ..,.t e...... ll~~le hlgher th.n the
vel"",. tor the ";rlIUP-, the <lUr..",,,,,,, 10 not B"'M o.nd the ",l.tloo-
ohlp d"". llOt hOld tor .U .Ix chert•. Th..""fore the ....ult. of thl.
ten eppor<o"tly "'Ject the tbeory th.t the deep·.ute<! f.llureo we'"
due to utre_ly POrllUil eDd lI1.gbly .blO~pUve Indlvidu&1 plee,," wlUl1.ll
tile 2.~5 IllnU8 ';>lIeUlc guvlty group. In.teed pi.."". h.vlng oOly
averee;e llboorptloOll tor tbh gre.vlty group,,", eble to e ....e d""p-
.uted tIlllun.
10 •.-..ry, ~"" 1l1crovol<1. l"1IItlo d"". oot provide ....U.t..,tory
Indlc.Uoo or the r",eze-u"" durobillty ot cllert. J".tud ehert
durebility I. probably 10"" elo.ely rel.ted to the <leg"".. or ••ture-
tlo" or th"''' ....11 vOid. (.1><1 luger ""'1<1. tl\et ere toO •••11 to












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































tiel."" ~""" c_r~ 2OT1. I" apl" of \.lib dirr....."co, \.D. ....-01:>111\1
"""" He ....uJ.UJl8 dlrrerrllC'O III des;.... of ••turaUO<l, the.. tvo et>ona
.... .,ut.ed III .lallAr deterlQUUoo 10 tile fren.-tll.... tut at ell
apK1flc ,rnUy 1••,4.
It. ohouJ.d. "- lOOted \.bat tu r ....u·tl\At t·uta .... re eollll."",te<l
WIde.. nU.r .""'....turlnlaa ':oaHU"..... !be _"Sa" ".. ,,""....-
.etunl.ed before .1.:11"6 tl:e """""''''', &I:IIl "',. W.. "0"'. ~rH<! I"
vater tor l' d~. prior to bdng ,ubJectAt4 to fr""t.ag ani!. tll... llll!.
rbeJ we or eour.., ...-~r"d durl-a& .."Il thw ,,)'Ca. lIl>dn ...,,11
"'.IIHU boU: ebert. _14UI...." • h~ dq..-e Of ,,'=lOtI..., (Toba 21).
lhlder actual lOe..... t". eolldlUo,,",. _"",r. u.e _.-, of ....11obl.. ",.tot..
'fOUld 1>0' al"",. be .. &real at 14 tIlot.. labon'","" teet. ..:II! ........ -
hllH)' <:01114 II ...... ' ..... ter l.n1'1....."c. 00 tree•• -III"" duul>llllJ.
!be re'.,. of obllOr~tlOll of tM .MU. (riIUA 8) ... dl,...,tq
....laU<! to u .. tow OIbIlO"I'UOI>e 'It tu.. _ ......l.la. n.o.. ablll..
yltb. h~ tot&l MlIOl'Jltw... obllOrbcd "at<or r&;>1.d.1J' 4url,. \be Ural
fn .1m>te, or 1M t.eat, toiLovl-"6 "blc" ..ater .... 01:>_ at ••I~~
d."...... I"6 rete rc .. 11>0 rut of tu teU. The &buu "1t11 1"" t.olu
oblKlrpUona exillblte~ • hlr1,\< ""lUt...t Ir>cre .... til 1IblKlrptl0<l t!lr<>U;;b-
o~t u.o tut. ol. " .. UIe e ... vlt.b porollt1 _ t.at-.l e ...rpt.1a,,",
till......ter __Ulq- or C'lrtalJl. .,.tu bill .... lJl.tl..-"u .... u.o
I"Ilhtccc of U. 1l1u.1 to dMp-ooeUIld dllertanU"",. It probllb1J'
b • t&etar III ......t_ dlterlorlU""" _ ...er, 11IlOl 1Ib.1o 2066 vbleb
."""'" llle _1 """,,~t. d-..gl &lAo bid U. f ..telt rite ar Ilb.arpl.lo".
MI ....n.lv
Althougllll"","""r (~9l, IIr.O&iIeo atIli 'Uelen.,(~, ~7), ond MotMr
""" IlOother (}l) h ..... ot\lllle1l U....1""rol"'61 ot llelewrlc.... "6aAg.~o•
.....1'7 little _ been publl.heil. l>Cl u... reloU_lp """-"-0 .u.ra.l.olg)o
am. tree:e·Ul... llurabll!ty tor tbe ....terlol.. Tl>ar.. rore ~t ot
the pot"'liupl11c ot\lll}' ot tho 01Jc ell..no ...ed In till' In.o,t-41oUon
10 eotleOr",,:l ,,11.1> t.be .. tflOet ot .u...rolO6)' ot c:l>ert. on !.be treue-
t_ 4urab111t] ot u...., _Uri&4.
Mlcl"O,eoplc pottcl&r..pby ot the cbotrta haa l"'l1e'~ t.t.lr
.1nerll.l~leo ue ge .... r.lJ.,y 11a1l1lr. Or>lt 4Itt.. re ..... 10 ..1""r.l CQlIlPO'
.1tIl>Cl OeCur. 1" U1e .-plel tn- the oout!>Orn part ot Jo<I.l,.". (eo",,0101'
lJ UloI ..urlol t .... u.e OhiO U ..... .). The.. t'O!lt.lo C'O<>a14ertlblJ
.ore 11.0011.. than .-.t.. t .... the _rUe"" put ot the lUte. 'rbl.
dlftereoce 10 l1a100U. content .pperentl,y hod 00 lntluence 00 tree,.. -
I.l>.. 4urlbllUy. _ver. .1&ce o.l.l ,1:1: eberU re""te<i .lalt..-l,y to
u... t .....tc·._ te•••.
It &.loo 1. or lot.. reet to _te that uU>Queh there 10 eo lderable
d1fterell« In (,........ ·tll"" oJurall1.lUy ot ,""tulol "Ubin .h. oJllt n!
.pedfle sr... lty g~ tor eod> chert 00""""'". the .1....ru " .... I .. U ..
nt tho 411't..reot ,pec11'lc , ..... It,. &J'O~ lait..-. Tbere .pparelltlJ
I, 00 rel.UOII het_1I .laerolQgJ" """ tl"CC ·tll... 4 ....ab111\y of lnil_
cherh.
In tbe paa... lItl.l.e .tteoo,pt baa _0 _ .. t.o eorrelat.. ohal.
aJ_~ _ r.-...·tl>ar 4 ......U1t)'. In till. atu<ly••1u.....o,lc
potrocrapll)', "-ray 4Itrr""U_, """ 411'te"'BUoJ. .Ila.-l 1lOO1;t'1o
,_ that 011 tl>Oo Il1alcl ..... _ .. up ot ...."Ually tile ,_ .1....011,
but tho ...1..10.. _ta or tho.. aI...rltJ., 4ltter r .... 0 ... abItJ.e to
.....tt.er ........ .,.....h • ....re.2O<>, _ 2l1T5,vhlell an. the _~ tA-
d ....Ued _ "" the 1_.~ porodtiU _ .,...rptIO<lOl ot U>e ..pt...
U.ted, e..t.lo re d*tri~al quart. _ lell dCl allleral 1.0... the
oU,.r .bch•. On U. otller ha<>i ••hal. ~.vhleh I. Ule _~ poorl,y
i04.....ted _ h.. the hlg,,",.~ poro.l~l _ rptloo of ~1Ie .hue
~" cooUI.......hUvelJr loY pereee~ ot q.....u _ 10M • 1l1&ll
~ .1lleral """Uet. TIt. reaU..... peree0!.et:U ot q~z _ dCl
al..roJ.c __tAdl,y c!..Uno1!>* U>O n"'ll8l.O ell eUrl.t1.,. ot ebeM
lOIIaln. _ the .hale pcrodU•••pponotl,y e dlree~l,y relUOI<! to
01.., .lnoral COnteot •
.tlt.bo"ill the c!.ir:.... ,,""'. 10 reatlve por.,.o~....eo ot el~ .IDerw
_ q~z 1000... 1>0 .tt.et 00 tbe Uo4.""J' o!' the ....re. to .... lot
doNp'MctAd d.urloru~. tbeM .1...r~le cl1rt• .e=e. apponotlJr
do lorl..."". the _t o!' .url'coe 4eUrloretiotl 0-.....1 "111 the ohcle,.
'!III. i. upcolal.1,y true tor .hale 2068. H. hl&ll elc1 .1....al cooteot
.......... a v ........ _ lOOn pcrOl.. th"" t.he o\l>t'r ....eJ.... ..." t.t>... it
10 ........""c.ptllla to rre....u.- d.u.lo...tloo.
'fbo UIt '""'" a.1oro.t.ruct...... o!' I.be ebt,.,.. cod o.lleJ.c..... o!'
partleulcr tAU ~ be 1~ 1. prlaarll,y lipoo ~l>t'.. propertl.. UlO~
pore oh...~Uri.t10 hued.. Th. tn~W"1I' _ aior".t""ot"""', ot
the Obert, .... all .11011...... ohOVO Ie the ...otlon otl .e.ua. or u.u
o!' bul0 pn>portle.. ueep\ ~h.~ _Urlll1 1Jo the 2.~, .tA........1rle
......1", rqe r.... .1Oei:I. ebert coot.~ _..- ...1<1. 101'1••-eIl 1.0
be Iue1 10 Ul0 • ..,t1oac (_~ ,r;J .t...-. Or l ...... rl. The..
...1<1. r 014 1.0 .l1e up 1.0 O.~ _ 0., _. 10 dl_Ur, but ao.~ v....
1.... thaa 0.1 _. 1A ,11_ter. •• ""ted III the _1...... ...,tloo ....
poro.lt1, tM CQ""."trotion ot th.M void. III t.he ..... rt .,1\1> .PKLI'lc
&u"lty leu tb... 2.\5 ruulted. I" u.. .... t.tlnlJ' 1>1.&1> poro.IV ot
Ull. 11&1>t..... 1&I>t dlert, _ u.e b1&l> dcgrH ot ..t,....t1on eebu...ed In
u.e ll&Dtvc1&J1t cUrt trectlo... b probebl1 u.o At.ted to tile
pre.....". ot 1.I>eM vol<:\.1. VoW. ~ tbl••1•• had l'A"louel)'_"
"'''ogtllud I" thl" ..,otl0". of 1111M..... I.e;M "bert. r.... other .tot••
b1 W...rpel ""<I RUford (7A) vhO "",,"eo! tb.t tile.. "0101. vere Ale-ted
to u.e leek ~ daretllllt1 ot UIO "'-rto.
Tbot 2.A5-2." '"""" 2.55 plue .poolno &r...1\1 &J"O\IP. 1:0,,"1_
pr..,tl"~ "" voW. loql. e"ougb to bot ACOS"hed I" t.l>1" ••ctlo".
51...,. 1..,1< ot rr...e-t.I>.. duretlll1t, vU tOW>d onq III tile 2.\5 .1Iluoo
cben. u.ere 10 • ,11....ct eo..... lAtI... betve<t.. U>e _ .....,. 01 u.e...
vol.d.. _ Uvt 1..,1< 01 darAblllt7 ot u.e 11&1>t¥AI,&Ct ebert. Utbo<Isb
tl>l. contradict. tbe theorle. ot !l~ (5) ""<loth••• t/>.-t r •
th.. d.terlorotiOll o<:car. prlaerllJl I" "old. Ie.. lh.., 5 .Ic ". 1Il
<U_t.er, tbuoo 10. Atro", po••lblllt;J ( .. <I_tr.ted 11> tl>e
..rtlon 0.. pc> It;J1 U>et tM lu'pr vow..... pr~ facto... 1D Uvt
tree••-u..t h ~ of 11&b'CVe1e;bt c!>erto due to t!>e bJ.&ber degree
ot .ot..... t1oo aftorded tM cbert 1>7 the 1.'"6.r ""Id••
Otber tAnllnl proportle••""h .. 5rolll .1... ""<I p....."". ot
..-lc·_ped Ir.1M _ ... pltoeed ro..lu, •..-tlr I:IOd DO 1Il.
tl__ Oil u..o trM~-u... <luretlU117 or U. o:l>trt. !be.. ollAre<:-
l.erl.t1u .....Ioollar In ollllrt. ~ ell thre••"",,11'10 31' 11y renge•.
"'.U> In t.bA Abel... tile tnt....... _ .lcrootruet lIlrl...~
u.e t ..... ·\.bat duretllllt7 ~ u.o.. _terle.llo on1,J' 111 til.el PO'"
,
'"
nnlC~ur<I 1. dOMl;t ""a~f'Olled by tlllON propertl... 10 a'''''tal, tor
U. allah. ,t"UIOd., a .... to\l»d tll.t \.lie r1l1er-sr.1Ded -"r.J.e', i.e.,
t_ cOAt.tAl.. W&' -.u>U or c1e,y alnertb, 11004 lte.ter pOf'O.lUU
ttl... tblI ooarHr 0_•.
Ap_tq the t.eehtlique ...-l 111 Mlt<:"-ll 06) r.. ~te",I"1.ae;
rellrtl........-e.. or OrilhlUt!cm at' claJ' pUtidu h t.oo 'l-tu..u ....
tor l.a41"atl.ae; .-ele.u.... pof'Odty or predlctt..:,. trMu·u.." 4urelUt:r
at 1&iiaJ.... I" .plt.e of the vldelJr ....,."lllll po....IU.. -'- 4lJ'fere",
~. or .uri'.... deterl.. ...,.loa c-.s b7 U1e.. -..let, all tin
ahaa••ppe_ to Il• .-e ol>ou'I. tho • _ _ ..., of paralleU. of
IUu...
A::etl<.!lJ.I;Q; Ot ~1.T.. lfIH .;r::c:nCA':':l .... t!i
~!;!II~ UI<:klALS 111 CUOC'F£TE AGCiIl,;c'01..:>
(no of q~ 1'~;-'7 I"I-I'I'OM. o~ thll nU<!1 "al to ~IU~""
wt.. tholr U.. >"",..nt {19ST) .rec~rlc.ticas of thol ShU IIlfho<Q' Do ...rt.
_nt .,f Iru1~&rI1 U~) on ddnl~lou. lutstar-.OU In I~["lst~s catl[<.rhl
U.UI ..tldaJ.1 on a ..alhtlc buh, Thil stu~)' "u orl""lnd 10 thn
th. -rfocu of '.""rAJ. urlsblu on freez ••tha~ d~rabll1tl of el,"~U
...d 111&101 In coout. could bI ootid &rid ..htld to thl ~~u''"'t .,.cl_
!ic.tl""l.
Tho Ir41&Q••peclflcatlcal al1O" a ~1a~ of thrl' por C.nt of
.bert ~th • bulk .poclfl. Irl>1tr ( ..tur.t." l~f••I~"1 billa) or
lou thin 2,1.5. The .... IUlU of tho f ....zr_th........a lui.. a t ....t
tho Istlbllln-.nt of 2,I.S "' I critical spoclft" t,,_oitl 1...1 SlflTat_
int 00\'Dd In<! uc.<tW><! "herl.l 10 c...Dflotliy Jun1!hd.
Till lpoc1flclt1.,.,1 do not I:"->Ale out 0""11. bQt 1I:cl»oa It v1th
"..,t\ ItI<I n",,~ur.b!l I'Irtlcl... • I ••.• porllch. "Mch ••1 It",cturlUr
_Ill luch., lott sandltrn•••1.,,10. H"""'lh .,,,,cntior.l. COIl, .....th ..d
••hllt, ""a c ....ntod IrU'Ol. fh" toUJ. _bM of thl' ..... ,,1010 lho\l.l.d
not .~...d four por Clnt of the cOIro. "V....gat., Thll Ultl. thot Ihlll
h all_d itl ......,"",.. "" to f, ur FO'r c."t dIF"noin! on the 'lUl¥ltltl of
thol other ..,ft And non~urlbl...te.lal .. r ......nt. The .'~trollitl,
f..tor In .ltl~lllh1nl taur por .~n~ I~ tho c~ltl~ll 1~0?1 his bo~n
n""et~raJ. n ....lI£1.h of t~. "",.e..te. ""t f ..... ..e_th.:.~ ""ro.biHt)'. n..
.-lUlt. o~ thl~ stud)' 1nd1<lt~ thlt II tlr I~ 611p-""~ed f.-et@·~how
~lurlo..t1"" of c~,••rc~. Ie ca.••"",~, tho fOlU" por "..,t rcnr~ct1<>1O
10 pl'<>ba~l1 5d~. ll"",sver, u,. frc~u·\h....~udl.. hue .10,..", ~hA\
1~~t1~an: lurtaC' dr\.rl"ro~1on OCcuc. in <an~e-l. car,\o1ninc c~c_
,01n son. PO"" llIalU in ..,.....~. II 1.". ... ~"" poc Cen\. Tho .... t".... ,
.Ven wi ••" \!.i ••""cHic.~iOfl (I to~ol ot louc I'IC C$l'~ ot 50r~ pacUclooj
11 rl,I<l11 ldl... rK ~, , ''- papaUl 4"[0 .l>o<.ld ~ u",,~~od t..- UII
"",It porous 'l>al.l.
Slltl.AA1' or R!SUl.!S
'!'he rOnOl<11li1 11 • brier nClpltllloUOll or ..Jar rl.o4U1&. or tbl
~\ltIJI:
1. ,......tUla·oa:j·u.-1l1l!: terti of: _ore" be.......IlU1.o.1<I6
ebe.-t htl.lutlo<l tbl rollootUla:
(.) 'fbIre " .. 00 <IlJ'rerftloe la d ......... or d ..p ~
d"tlr1or.UOQ e ....ed by u;y or tho diff t obertl.
thul the 10....... or Ohert hid .... effeot oil rno••-th",
d.....OIbllHy.
(b) rbI ollly """*'lDall.... or "'rllllal relUlUIliI 1a .."""
delp-oe.tId 41t1rlOr.t1_ ".. "a per ""at or 2.~~
.1... ebert. '!lib "",,*,1.Il1t1Oll. .....oultld 1.Il d_p-oe.tId
roUlIte' of: all be.......au1ol. <:bert r..- ._ or tho
Il..ro ""•• la Iddlt1oo. Il..ro por .....t or 2.~~ .14uo
ollon 0 1d _ratl d"p'leltld d_,,€1 10 I r_ OINI.
2. Durlllll1tJ' rocton tor tlle IbI1l boo_ 1.o410ltld thlt ""
4_p-.."ted 4Iter1or"U_ oee\Ll"rl'd l.A \11_ eo~~ _ to tlo I"'r
_t or u;y of Ule tI ~I 1\\tI.11d.. rbI 4"U 1.ooluda<l .. uu..1Jr
loot 4....IllUlt,. roc II ..... r_ r.- \11_ ...,.,tlJ.ll.1.Ill5 tAla per ee:nt
or 2.\~ .~ .po<:1I'lo V"..1t,. _rt.. Onl;r" r ... be__ 4"nb1l1tJ'
tloCtoro beltw 90, _ u.... r... -r......e... ~Il$l;r r-...I;J 411-
tUbllt.ad t.hrOll&bollt tbol d"U.
,.
,. S~1lIi¥ of em1'ace deurloretl""" or eo""...te b<o_ <:OO1t.a111111i1
ct.n. .-elI Ul.n freul..D,jj: ...,." Ulw1..,. " ~lc..t popout d.-.,p
111 boo._ """tel.D.1Dll 2.'-' al...a epott1tlc &," 11:r <:bert. hry rev pop'
au,"" v "e_ bl "",".. I hevl"ll _pee1f!. IIre"lU.. of 2.~'.2." ..."
2." pI .
.... ". ere-.teet ..,....1 or .....r_ deterlOrtltlOD or toM ""'_
COllI.a.IOl.a« ollale "'.. c."...." by male 2068, u.o .a.1. po........ IOlIIl _1
ab.....wot or u.. ~.. SMJ.e 2068 c_ed ...,...14....ble po"""t """
plttln,g 4~. al all fOIll" pe.."...I,,«. l..~a, but, •• voul4 be uP"'c~,
\.M _1 of deter!outiOIl 1"".-._ vltll 1""..... IDlI pe,..,.otlt&e of
mat.. Tlw otMr tOl,l,r" allaae t.el~ " .....ed "" au:rface 4ct-erloul1<1a
_ aclude4 III eo...,...tc La --..at_ lIP too """ lu::llOS!..og row ""r
",,,t. At u.. d.ll _ tell per .,..01 le... le, abaUe 2066 _ 2076, vllicb
...... .,N po..__ ...."""ot tJo&ll .,al.. 206, _ 207'. c....-d a.l1&bll¥
..,.... au:rhce deterloutiDD til.., 1M atter.
,. Tbt et\l<l1" at IUr ..,,14e 111 co-..crcte b:r ...... or thcI liDe...
tr......... t<tcba1'l."'" d....... tr.t.e4 ten _b~_Ua4 eoac:....... be_ ",11.1.
l:I.16b 4",,"IObUlt;)' f ..tora _ &1r_...W ePK!.DS r ...l.0... l.ower u.u 0.01
1ac:I>ore, 1%e<I bc_ vt\b loot 4"...0111t7 r""too... b." ."",,1"1
r ..ton b1&l>tr tb.Nl 0.01 1Ilc:bo:e. T"".. ",,-,,].te auppo..t """"n' u>oory
th.t CODcr.~. "lth .~tD& t..,ton low'r t.l1u. 0.01 iDclUl..... "ell
prowe~ t.- t..-~l..o& ... u....tD& ~t<tr1onUOJl. "b1le u.o.. "lth
~1DI: tacton gre.wr u.... 0.01 lDC:b.. lire poorlt protee~.
6. tt. poro.1U.. or u.. 0,110"1'••tu41-'.~ rr- -'t , per





















































































































































































































































































































































































































































































































































9. In pllltr&l, t. -tll<>rptiOa cllu..,wrl.t1ca or "",""U r ....
aU ",ure.. W.ted ,,"....iaU.... h expecWd., the obaorptlo". or the
10.. buJ.l< epeo1tlc e;uv1t.r tr""tlo... vc"" hlglMr th..., tl>o.. or tile hlsll
.pOlCU'le v ll:J' sro,..... 1'0.. all .Ix el>eru, .." .. ,&1 ," tlM 2.1<)
~ traeU __"""PtiCll po........Urge. obout tvl"" .. V".t a,
UaoH tor tbe 2.'~." ~pe _ ti_ u ..... lre.t a, U.. 2."
plu. groupe. The eb_pUoo ..Ill .... rq"" r.... lOb""t .... (10''' ce"t
tor the 2." 1'1", ..Wrl.l to obout fl., per ... Ilt. tnr t.be 2.'" .1"".
Cl'Oup••
",. NlOOrpU.Oll ..0.1.... tor t.be Pale.....111d tt1.de~ _'" t.be
the .............~ pwall.ll."ll tile p<>n>dU., ot: t.be ehll1. _.pl•..
Sllale 206,. \be le..t po...... .-pa. bed ..............,,.,.-,.tur.toed
ol>l<>rpt1011 or DIll,. 1.8 por <:e:J>t, while ohale 2068, t.be .on PO""'"
__le, 11114 .ll .verll6' ol>,,'>:'ptloo or 12.6 per cent. The attler tbree
obale ••plu Ilood allltClrpUOCl nJ..... betweo tlleu tva ut:r_,.
10. Altl>Ot.lgh t.be t.ot.&l po....1lUt. _ ol>oorptl..... or eborw
2067 _ 2OT1 ",..re .l&1lar. U>elr ..al.e. or IlbtorPt-l= iod1u\.O! that
\.be ... tIIO ellerte ba..........1derllb!Jo 41rte""nt pore 1;)"_' Cl>ert 2061
va..are po....,.. l .. thao ebert 2071. MoowrlaJ. 111 &ll tllrft '1'O"'1tlo
lTaY1t.y Iroup. ~ clloert 2067 .thl_ "".rq ...,.I.a,. ~.orptloll att.40r
olLlJ' 1'1" ata"te. of t-rdoll, "bU. tbf: ~lIOrl'UOJ:I at tbo ._
.,..,1ftc: IVS'011.:r ~~ o.t C:Den 2077 f .... tbo ftr.t 1'1... a1Dute. " ..
0Dl,;r obout ~ poor ~lIt of u.. to1.al lOb..,..ptloa.













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BaM<! 00 the re.ulU or !.hI••ta.:l.y, tha rol..1.oltlllll cooclu.loo•
•_ J....Ut1ec1. 8t...,. 1.111••t\d7 v......trlcted. to «rUia ladl....
.,.n.. """ .'-l<I••lbJectoocl to .paclfl" "IJ>OII. or ta.1., u.. eoDclu-.J_ u" ltioJl"Ul.1 b<O epjlUec1 0B1J' to .1an... c1>flrU _ ahaU. UI04ar
.1aI1.ar ".,lII1.lt1.,.,.. lI_r, 14 _ ca.... , t1eld beJ:: lor or \be
ebOrt.a _ lOha1e. -:r be JAt.rred. r..- u.e. ".,""lualo .
1. 'or. vlel. variety or cllart., tl>O -.-ce or the chert h... ""
ertect 0" It. r ....~.·th... 4W"N>Ulty III """"reuo,
2. CboIrt .,:<b1b-a. e e1er1ll1UO relet1o""lIIp be_.. a.1lu-U;
..."Ulc 5r••tty _ dur&b1l1tJ- 111 eoc"reta upo_ to r ....~1D5 aa:I
u...1J:ls. Appanollu.:r 0lllJ' dart vJtl:l • 'Oili .pac1!l" V"'11.Y of au
tlr.... 2.!l, ( ..1......_ aurr""-e1I']' '0&&1&) vlU c_ Utbllr <lMp-...tael
Or .urt..,. dauor10r.tl0ll of .lr-eotr.1IloocI """"rne 10 vlll"lr. It 1.
0 ....
}. 'fI>O treu.,-u... e1urablltt:r or "",,,,,rata "OIIt.JIII"6 <:hart
1Oppara..u.:r h ....1. .. e1epeDcl.,..t oa po.... 1a u.e eben. Laee tbu. , a1~
14 4~tar .. bat _ .. J"..tlll..._ b:r "'.,.1. ('9). i.aat.a.llll. "bltrt
etur&bUU:r Ja appareou:r lo_ 0Cl • .,... ~"atecl IlltArrelet1011ll1lJp
ba_.. total ""...,.It:r, .In Of pore., ab..,rptIOCl, _ e1ac.... ot
.at......t1OCl. ro... l"'ller than t.l>O '_I"..... lin .peeltlecl b1 _1.
paralt euler PM..e of vat<lr lal.O ~r..-cl "I6"S.t<I., ......11. 1.11
,"
,...,letlvely high degree. ot ••turnlcc, Md oontrlbute to tr~<e-th....
deterloretlon of l1(';htlleltlht chert. Mlcroacopt. atudiu or pollohed.
leotlon. 0""" that tlIe.e larger poru toal<e up aboot hIlI the voW
vol~ tn 2.~, ..ln~ .~olrle gravity chert.
~. TIle petrOBraphic Clll•..-ct.erlotlea or el>e cherts inti"• .,." tile
tre.ze-tIl.... dur~ll1ty of the..e ...t.erlw only I" tI>e l"IIl.tlO~hlp of
el>elle .""neurinl.e t.o porooity of the ......rt.. I'or e. ....pl., al-
though .I.e••logy of the chert. h.. nO direct etrect on their free:e-
til.... dur5bUity, the prue"". of oarbo""t. rhCllllbl, ...blol> hBve veathered
oul to tono voldl, II.. l"""ned. the durabllH)' or I.- chert particles.
,. Jola'Q' ah-.lu will not. cauae deep-aeaU<l deterioration or air_
.ntralned concrete be"",••"'oJe.ted to laboratory r,...,ulQ6 &nd t"....log
..ben Incl""-ed Ie thue be ..... In eaoUllta up to ten per cent. The In_
abUltyor the.., ehales to cauae " ....p-te.ted ""terlor-tloc 18 probably
due to the inherent ~',ru"t..rel v._.. of the.., ...terl~.
6. Dlff.,..,nt .hal". ea.."" """.ld.rIIbly d11'f.,..,nt d.S.....,. of
aw-h". d.terloretloo of Ilr-eotralDed. "oncrete ""po.ed. to f,..,Ulng and
tl\<N'lllil. s... abale. e co.... lderabl. pop>ut d_. vh"o Included.
1rl oo"" ...te 10 fIoIlO\lDt 1"" AI tvo per ~Dt of t!I<! 00"'''' "6i>,..,sate.
Ot.I>o!r .bal.. e.""'" little d_ag. vhen <lied. in -.uDt.o "p to teD per
"eot.
1. or"" dw-abll1ty of the eh.le. Itud.ied .pl"""enUy la releted.
prl>l8rlly to the PDr"Dl1ti.. and ablKlrptio,," Of ~"" _terl~; tile
lOOat poro,," and "",.t ab..,rbent "."11"11 the s,..,.teet lImO""t of ow-f.""
",
4ewrl=nloa or eooo ....te 1J:l ¥hlcl1 the.. _"'rlaU U't'''-. _r,
Ule .~"""6\b _ 1ndUl'at101O or the -,>.1.., .. dU"'"lMd 107 ..Int...,
..,w>tI or el-,y "IMUlo ""'" <l.alrlUI quartt pr..."t, 11.1.., Inri"""","
the abl11ty or the_ ..terlaa to ea & .urtau cl..WrlouUoa, the
tofte.., ....Ner ...WrleJ.. bellljl leu d.taot Uo&o t.l>e harder. lOt...,••
0 ....
8. A. tbeorlt~ by Power. (~O), coocrete. villi alr-.ald lpaoiQS
(acton lover th..,. 0.01 I""he, ue "ell-proteeted tl"Clll r ....ullll:\-aod-
thatlQg 4etArlornloa, ..bUe t.bo.e "lUI .peclll;l r..,ton greater tl>o.n
0.01 1...:10,.. are poorlJ pr'OloK~.
'"
1. rbl••tu:lJ' ~ould ~ ""t<tlldecl to lDclude eheru _ ebal••
t ....~t u. 1Jalte:l $ht.ee. ID tIlh "-.:1 It would be pOulbl.
to dete....ine tho: erre~U DD ~D""rete dur.tlll1ty ot ~lIeru aM ehalcl.
ot ..roe "1d.dJ' "&I7I~ ebaracwr til... tIloe 1:>11.1_ eberu '""'" ehalu
...-d 1" tl>b .tudJ'. For. tI~ nudJ' of tllh type, It voWd be but
to l..n.... IU~.l. u,e b•• lc ~.lcal pro!"'rUu ot _rat clleru .lId
~. obtalmd troe. "t.d.el;r ec.Uered a ....-.el depo.IU. _ tbesl
...le~t • tev .-plea "ttll cOlU1d.er.tllJ' dlrtereDt pro!"'l"tlee tor treeze-
thw el\lll.lea ID co""reU!.
2. $t..,. tIloe broad nud.lu um.rt........ I" tbl. llIft.tl&ltlOIl
bl..e 1.M1Cll.ted t.be pore oha:r"""torhttn ot Cberh _ ahalee to be
at pd... t..port.atao>e lD d.t.enll1A1llg tbelr ~n·tha< d"...l:>llltlea••
.ore tr.orougll lD....t.1.;I;euOIl. of th.... pore cJ>..,...,t.oIrleUea Irtllhlqg
tDe t.eeho.lq"'e uaecl til Levh _ Dolch (21) _ Dotch (U) for .tu:lJ'
of pore cbaraet<trleUee or :u.e."""",. II l.Mlelted. Ir. controlled.
.t\lll.y of til. eff.et ot pore .Iu could yield ...1 ....1. IntonutiOll.
}. Sloee dlrt• ..,llt Indiana .t:al.. re.w.teil I" dlt't.rellt d_.
ot .w-tace dlt<trlorlUoll ct e<K1<:ret<t, I .or. t'Ull,r COlltrolled. t ......U-
&,UtO.. or ~popovt' 4-.e clueed bl ehal... vou.ld be of !lItere.t. III
".
well ...~ Ule podtlllll.1tC at Ule 1..tIY14t.>al pi...,., of IIhaa eould
be elided .... tlIl.l"d nr1.tJa, the eUeeh ot ,,111<:1> ecn>ld be aa..ls1<IG
alOl1f! "!til Ule efteet. of dU'fe ....nt .our".. flDd dIITe ...."t peN:ent"C..
or _bllle. tnat.ead of IUovl1lg rflDdoa pClllUllIl.l.n& of Ule i:l4hl4oal
pie",.. or abaJ.e tbo'7 v<>u..1.<I b<o pllOCe<l. at rr<rletoo""t_ li*!lAgl _
4epUu...... i*'"t of Ulh n..,.,.. 1'1.~ be or lAte...... t.o ,U..ldoe
__ of tI>e all-.J......pt... lIIl.O bu.ll< .~lJ'le trl.,l\)' rr..,t~. _ u..,
u.. 1n:llv1duel ( ..",tiona In eo""' ....t. IUbJected to ftee.l!llll .,." tIl..,-
1"6 10 Order t.o better deteno1De t.be .... ht1<n>ablp betvee.. Ilbele 1""'0111.7
_ earf..,,, teter loreUoc.
10. "eoatroUed etulJr or ... ....r_ detertor&t.IOG """ to r u·
Ul.... ~nltJo:l.""" or eholth abo voIIl.d b<! or Inu...n. "" 1:> t.Ile e...
of Ule ahalu. tl>e ape.e!.llg IlDd "'.ptll or Ule 1Ildlvldu.o.1 cbert plecee
"I:lUl.4 be ~t.e l ..d. It COnfU>Oo::l to 1""1.... e""ru, this tut
~I;r e<>W.d be ,t.rleta:! to ..U,rlal "..,.tDr,g .. bu.l.k epeelJ'le
&,"... \11 ( ..turat.ed eu:rtace-w-,. bub) of le... t.tN:o 2.10,. If the
.<:<I;>e of 11>0 etudJ' """' bro-.lez>eol. to t""lude O1.l>er c:l'.e""a, \.be teat
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FIGURE 21. AVERAGE fREEZE -THAN CURVES FOR








FIOORE 22. AVERAGE FREEZE -THAW CURVES FOR


















FIGURE U. AVERAGE FREEZE -THAW CURVES FOR
CONCRETE BEAMS CONTAINING CHER T 2066
FIGlfiE 24. AVERAGE FREEZE-THAW CURVES FOR

















CHERT 2072 , .
~IO 'II.••
17'















FIGURE 25. AVERAGE FREEZE-THAW CURVES FOR
















FIGURE 26. AVERAGE FREEZE·THAW CURVES FOR









FIGURE 27. AVERAGE FREEZE-THAW CURVES


















FIGURE 2B. AVERAGE FREEZE-THAW CURVES




(DO'=~) ""'" ""'" 'Or.> ,."(8e:r-a) (oear LtJ'or I.e I (tlll!.i_polb) (SC>ut.h Bello!-
" -- ,,-, -- "'-9 --"-, ~
~}.o• • • -- ~:~ -- --
~l ,,- "-,
,~ ,. -- -- ,,_. -- --"-,.. ,,-..
<8
" -- }}.ll "-' ,,-, --- 107.6
,"
table Z5





(Diteotur) I-~ ~) (llldl_;oUO) (Sou\ll &t<>!J
, .. 0.0 . . C. ~ . .
, • .. '.0 '., .. ..-, 4
• •H
o •
:~ . . . . '., . . ..• • ,.,• • ,.0o •••:8
~





eo.p.....oa of Moan 1l',''''bllltr 'acto... for Ba_ Coohln~
'ten hr Coot to TI.o_ Coat...nl:og T>ro _ '0'6 l'er Coot

















T-'>le 26 (ooaU )
eoc..... l ..... at ...... D.....bIl1t:r ,..,tc.... tor s..__ Cc>QUllIllllll
T>eo Per C...t u> ~. CO"ta!.G1J:liI TwO _ rOl:T fer Cut
or 2." PI..- S~cl1'le ern-It,. C!;ert
'0'
, ..... 98.06 - 98.~v0.026 • 0.06, • 0.18 •t 18.,.O.02 .2.:£
•




CCII.pvl_ or Muo 1l\&...btll~1 r..,l.<1... ror !e.... COl:l~.lou.:
Tt'n hr ceo~ to TtI.OoM COl:l~dl\l"6 Tv<> IOn:! rour P<.r Ceo~






" • 97 .10
--j91i\'.'~'~.;"'''!i'.~5~'=-• V0.0'» • b.2t>
., • ",
6.26• •.,., • 90.'1
C_pubo.. ot ""&0 n .....IIl>Uay raetelu tor 1lC_ Cooulning
Ten Per Cent to TlIoM CooUlnll1ll Tvo, 'our, eI><I Six Per cent















~.. 'B.Il _ ".ilV10·90 • 0.10 • 16.6 '6 • 2.1012. ,o.te!
16.6> 2.10
C_Io"", of ....... Dllrabllit, 'acto... for Be... Coata1Dq
Sb r.r cent to 1'1-.. CDIltalnt"" 'I'vo _ ,ow- hr cent
gf 2.'" Mi.... S..."it1" Gr..-it1 ctAl"t
Il..IlOU""".:
" • 0.01





















• • poros\~)' •
, • '001.- or YOlds.,
• • ~'u vol\El! or soH~s- wolds.




S"'"Ple l)o.U Sheet ror LI ....... Tnvtr... St.ulI1..
or Polallad s.oti""" or Chert..
S....,p.\.e /11>. 2071 2.~5 .. In""










eooc ....w , .. "-_ s..-} e<>.CItlllDe<1 }.S! pJr .,. ..t &\r _14. _ "a;j all
_r"f>. or ~.20 _td& per Ixb of tr&'<'eue. Tt'>* ~al.,w..t1 ..... at
tollC'l'& (too):
• • • 506 oq.ln./e... iDo
". • }B,ooo
• .01'71 1<>.


































































































































































































































































































































































































































































































































































































""" GeolocleeJ. SocI"l1 or "-rIca, U>oI 1<141... ~e~-.;r or lei"""'.,
SI&ao' XI, '1'... Beta PI, -....I 51.. G_ 151.11"... He &,lo" I. " rqllwr'04
Prot... lona\ £IlII_. 1" Ule Shw or 1""-1......
8c~...\.<Ir, II. L., "S&Dd &l>:!. Gr.... l boo....".. or 1<>11..... (UI"t.),·
Bull"tlll, GeolOCluJ. Soc1et1 or A_de., Vol. 68, 10. 12,
p. 19OO. 1957.
SclI...u •• !. L., .... lie.. , ..... l't RuelOr<:l> 00 DoIaterl..... Subllt ........
I" COllCnw .Untl"W.,· 'l'eoJu>lr&l~ Jot"t Bl6bo~
h .....ch Pr0J""t, f'urdUl Ullivenlty, 110. ,-r, 1957.
1Iood._, I. B., 1lc1..""b.lIa. J. '0, N>I1 5<:buner. R. L., "I;IuoJ.ll1
Au.no,et.ce tor 1",1.1_ 11p'"7e,· 1%1_.1"" lu.llet.lo.
f\Inl .... lJo.l...... lt1. '01 ..... , 10.•, pp. Sl-9'~1958.
